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ABSTRACT
Various m e th y l - s u b s t i tu te d  am ino a c i d s ,  n o tab ly  2 -m e th y la la n in e  
(< * -am in o iso b u ty r ic  a c id ) ,  h av e  b e e n  u se d  in  th e  s tud y  of am ino  a c id  
tra n sp o r t  in to  c e l l s .  T h ese  am ino a c id s  h av e  b e e n  c o n s id e re d  to  be 
model s u b s t r a t e s  w h ich  e s c a p e  d e te c ta b le  m e tab o lic  a l t e r a t io n .  It 
h a s  b e e n  p resu m ed  th a t  su ch  am ino a c id s  fa i l  to  b e  d e g ra d ed  b e c a u s e  
of the  a b s e n c e  of a hydrogen  a tom  on th e  c< c a rb o n  and su b s e q u e n t  
im pairm ent of th e  commonly u se d  m e tab o lic  p a th w ay s  of am ino a c id s  
( e . g . ,  t r a n s a m in a t io n ,  o x id a t iv e  d e a m in a t io n ,  and  c e r ta in  •< -  ^  
e l im in a t io n s ) .  The m e tab o lic  d i s p o s i t io n  of am ino a c id s  hav ing  a 
te r t ia ry  c a rb o n  atom  w a s , th e re fo re ,  of i n t e r e s t .
A so i l  b a c te r iu m , id e n t i f ie d  a s  a member of th e  g e n u s  P s e u d o m o n a s , 
w a s  found to  o x id iz e  2 -m e th y la la n in e  to  65 per cen t  of th e  th e o re t ic a l  
v a lu e  by an  a d a p t iv e  enzym e s y s te m .  M anom etric  ex p e r im e n ts  w ith  
w hole  c e l l s  in d ic a te d  tha t a c e to n e ,  but not iso p ro p y la m in e ,  w a s  an  
in te rm e d ia te  in  th e  o x id a t io n  of 2 - m e th y la la n in e .
C e l lu la r  e x t r a c t s  p roduced  carbon  d io x id e  from 2 -m e th y la la n in e  
w hen  pyruvic  a c id  w a s  add ed  to  th e  r e a c t io n  m ix tu re .  D ia ly s is  a g a in s t  
a buffer co n ta in in g  0 .2  M KC1 s t im u la te d  th e  2 -m e th y la la n in e  d e -  
c a rb o x y la t in g  s y s te m ,  p rov ided  pyridoxal p h o sp h a te  and  pyruv ic  ac id  
w ere  supplied ,. The optim um  pH for th e  re a c t io n  w a s  7 . 8 .  A s tu d y  of 
th e  s to ich io m etry  of th i s  p y rid oxa l p h o s p h a te -d e p e n d e n t  d e c a rb o x y la t io n
ix
in d ic a te d  th a t  a c e to n e  and c a rb o n  d io x id e  w ere  th e  p r in c ip a l  p r o d u c t s . 
The r e a c t io n  w a s  c o n s id e re d  to  b e  d e p en d e n t  upon th e  t r a n s fe r  of th e  
am ino group of 2 -m e th y la la n in e  to  p y r id o x a l  p h o sp h a te ;  pyridoxam ine  
p h o sp h a te  th u s  formed w a s  c o n s id e re d  to  p a r t ic ip a te  in  th e  t r a n s ­
am in a t io n  of py ruv ic  a c id  to  a l a n i n e .
The e n z y m e , 2 -m e th y la la n in e  d e c a rb o x y la s e ,  w a s  not to ta l ly  
s u b s t r a te  s p e c i f i c .  I s o v a l in e ,  2 -m e th y ls e r in e ,  an d  2 -m e th y lm e th io n in e  
to g e th e r  w ith  e t - k e to b u ty r ic  a c id  and  o 4 -k e to v a le r ic  a c id  w ere  a c c e p te d  
a s  s u b s t r a t e s .  Both D -  and  L - is o v a l in e  w ere  o x id iz e d  by w h o le  c e l l s .
The enzym e w a s  in h ib i te d  by d iv a le n t  c a t i o n s ,  c a rb o n y l  a g e n t s ,  
and  the  c h a r a c te r i s t i c  py r id oxa l p h o sp h a te  in h ib i to r s ,  c y c lo s e r in e  and  
p e n ic i l la m in e .  2 -M e th y la la n in e  d e c a rb o x y la s e  w a s  not in h ib i ted  by 
su lfhyd ry l  a g e n t s .
L oss of enzym e a c t iv i ty  occu rred  during d i a ly s i s  a g a in s t  d i lu te  
b u ffe r .  This w a s  a t t r ib u te d ,  in  part  a t l e a s t ,  to  th e  rem oval of the  
c o e n z y m e , py ridoxal  p h o s p h a te .  In a c t iv a te d  enzym e c o u ld  b e  r e a c t i ­
v a te d  prov id ing  py ridoxal p h o sp h a te  and KC1 w ere  added  during the  
f i r s t  th ree  hours  oi d i a l y s i s .  Longer p e rio d s  of d i a ly s i s  r e s u l te d  in 
an  enzym e p re p a ra t io n  w h ich  cou ld  not be  r e a c t iv a te d .  A re la t iv e ly  
s p e c i f ic  requ irem en t for th e  p o ta s s iu m  ion  w a s  d em o n s tra ted ;  sodium  
and l i th ium  io n s  w e re  in h ib i to ry .  The p o ta s s iu m  ion w a s  a l s o  found 
to  p ro tec t  2 -m e th y la la n in e  d e c a rb o x y la s e  from heat in a c t iv a t io n .  
Addition of 2 -m e th y la la n in e ,  p y r ido xa l p h o s p h a te ,  and  p o ta s s iu m
io n  p ro te c te d  th e  enzym e m ax im ally . The k in e t i c s  oi h e a t  in a c t iv a t io n  
w e re  b ip h a s ic ,  in d ic a t in g  th e  d e ca y  of more th a n  one h e a t  s u s c e p t ib le  
c e n te r .
The enzym e w a s  p u rif ied  10-fo ld  by p ro tam ine  s u l f a te  t r e a tm e n t ,  
h e a t  t r e a tm e n t ,  a n d  ammonium s u l fa te  p r e c ip i ta t io n .  The s e d im e n ta t io n  
c o n s ta n t ,  a s  d e te rm in e d  by d e n s i ty  g ra d ie n t  c e n t r i fu g a t io n ,  w a s  8 . 5 .
The a p p a ren t  M ic h a e l ls  c o n s ta n t s  for th e  c o - s u b s t r a t e s ,  2 -m e th y la la n in e  
an d  pyruvic  a c id ,  w e re  found to  be  4 .5  x 10"^ an d  2 .5  x  10“3 M , r e s p e c ­
t iv e ly .  The M ic h a e l ls  c o n s ta n t  of py rido xal p h o sp h a te  w a s  de te rm ined  
to  b e  3 .0  x 10“5 m .
The e n zy m atic  d e c a rb o x y la t io n  of 2 -m e th y la la n in e  w a s  fe l t  to  be 
th e  e n zy m a tic  e q u iv a le n t  of a n o n -enzym atic  model re a c t io n  rep o r ted  in 
th e  l i t e r a tu r e .  The re a c t io n  w a s  c o n s id e re d  to  p ro ceed  v ia  S c h i f f 's  b a s e  
fo rm ation  b e tw e e n  2 -m e th y la la n in e  and  the  c o en z y m e , d e c a rb o x y la t io n ,  
s t a b i l i z a t io n  of the  re su l t in g  s u b s t r a te - c o e n z y m e  com p lex  a s  th e  
S c h i f f 's  b a s e  of th e  am ine form of the  co en zym e  and  a c e to n e ,  fo llow ed  
by h y d ro ly s is  to  y ie ld  a c e to n e  and th e  pyridoxam ine  form of th e  e n zy m e . 
P resum ably  th e  py rido xa l form of th e  enzym e w a s  re g e n e ra te d  by the  
t r a n s a m in a t io n  of py ruv a te  to  a la n in e .  The re a c t io n  may be  d e sc r ib e d  
a s  a  d e c a rb o x y la t io n  d e p en d e n t  t r a n s a m in a t io n .
xi
INTRODUCTION
An in v e s t i g a t io n  of th e  m ic ro b ia l  a t t a c k  o n  m e th y l - s u b s t i tu t e d  
am ino  a c i d s ,  s u c h  a s  2 - m e th y la la n in e  ( d - a m l n o i s o b u t y r i c  a c id ) ,  w a s  
in i t ia te ^ ,  a f te r  th r e e  m ajo r c o n s i d e r a t i o n s . T h e s e  w e re :  (1) th e  
r e s i s t a n c e  of m e th y l - s u b s t i tu t e d  am ino  a c id s  to  m e ta b o l ic  a t t a c k  in  
m any b io lo g ic a l  s y s t e m s ,  (2) th e  p o s s ib i l i ty  o f  s tu d y in g  th e  c a ta b o l i s m  
of a  com pound w h ic h  w a s  t h e o r e t i c a l ly  s u s c e p t ib l e  to  m e ta b o l ic  a t t a c k  
by a  num ber of d i f fe re n t  p a th w a y s ,  an d  (3) th e  p o s s ib i l i t y  of s tu d y in g  
th e  b io c h e m is t ry  of a  com pound  for w h ic h  a  n o n - e n z y m a t ic  r e a c t io n  had  
b e e n  d e m o n s t r a te d .
The m e ta b o l ic  r e s i s t a n c e  a s c r ib e d  to  m e t h y l - s u b s t i tu t e d  am ino  
a c i d s  (C h r i s te n s e n  e t  a l*  1952) h a s  b e e n  a t t r ib u te d  to  th e  a b s e n c e  of 
th e  ^6  h y d ro g en  a tom  w ith  s u b s e q u e n t  im pa irm en t of p y r id o x a l  p h o s ­
p h a te  en zy m e  s y s t e m s .  M e th y l - s u b s t i t u t e d  am ino  a c id s  h a v e  b e e n  
u s e d  la rg e ly  a s  in h ib i to r s  of am ino  a c id  m e ta b o l iz in g  e n z y m e s  
(U m bre it ,  1955) a n d  a s  t r a c e r  m e ta b o l i te s  in  th e  s tu d y  of am ino  a c id  
t r a n s p o r t  (C h r i s t e n s e n  an d  R iggs, 195 6) .
2 - M e th y la la n in e  p o s s e s s e s  tw o fu n c t io n a l  g r o u p s ,  a  c a rb o x y l  
a n d  a n  am ino  g ro u p ,  p lu s  tw o  m ethy l g r o u p s .  A lthough o x id a t iv e  d e a m in a ­
t io n  or t r a n s a m in a t io n  w o u ld  not be  p o s s ib l e  by th e  u s u a l  m e c h a n is m s ,  
rem o v a l  of th e  am ino  g roup  c o u ld  p ro c e e d  v ia  e i t h e r  h y d ro ly t ic  or d e -  
sa turative  d e a m in a t io n .  D e c a rb o x y la t io n  c o u ld  c o n c e iv a b ly  o c c u r
re s u l t in g  In  th e  p ro d u c tio n  of iso p ro p y la m in e .  A th ird  p o s s ib le  m e tab o lic  
pa thw ay  co u ld  p ro ce ed  through  the  fo rm ation  o f a n  o rg a n ic  p e ro x id e  
re s u l t in g  from th e  in c o rp o ra tio n  of m o lecu la r  ox y g en  in to  one  of th e  
m ethyl g ro u p s  of 2 -m e th y la la n in e .  M e ta b o l ic  p a th w a y s  a re  re p o r te d  in  
th e  l i  t e r a tu re  by w h ich  any  one  of th e  f i r s t  in te rm e d ia te s  (m e th a c ry l ic  
a c id ,  2 -h y d ro x y iso b u ty r ic  a c id ,  iso p ro p y la m in e ,  or 2 -m e th y ls e r in e )  of 
2 -m e th y la la n in e  c a ta b o l i s m  c o u ld  be  fu r th e r  m e ta b o l iz e d .
An a d d i t io n a l  p o s s ib i l i ty  c o n ce rn in g  in i t i a l  e n z y m a tic  a t ta c k  on  
2 -m e th y la la n in e  w a s  s u g g e s te d  (Kalyankar an d  S n e l l ,  1962) by th e  o b s e r ­
v a t io n  of a  n o n - e n z y m a t ic , p y r id o x a l - c a ta ly z e d ,  d e c a rb o x y la t io n  
d e p e n d e n t  t r a n s a m in a t io n .  In  th i s  c a s e  a c e to n e  w o u ld  b e  a  f i r s t  
in te rm e d ia te .  The p o s s ib le  p o in ts  of e n z y m a tic  a t t a c k  on 2 -m e th y l-  
a la n in e  a re  sum m arized  in  F igure  1.
The p u rp o se  of th i s  d i s s e r t a t io n  w a s  (1) to  i s o l a t e  from n a tu re  
a n  o rg an ism  c a p a b le  of u t i l iz in g  2 -m e th y la la n in e  a s  a  s o le  so u rc e  of 
c a rb o n ,  (2) to  d e te rm in e  th e  m ech an ism  by w h ich  th i s  com pound w a s  
c a t a b o l i z e d ,  an d  (3) to  purify  and c h a r a c te r i z e  th e  p e r t in e n t  enzym e 
or e n zy m es  in v o lv e d .
F igu re  1. P o s s ib l e  p o in ts  of m e ta b o l ic  a t t a c k  on  2 - m e th y la l a n in e .
(1) D e c a rb o x y la t io n  to  i s o p r o p y la m in e ,  (2) D e c a r b o x y la ­
t io n  d e p e n d e n t  t r a n s a m in a t io n  to  a c e to n e  an d  c a rb o n  
d i o x id e , (3) P e ro x id a t io n  or o x y g e n a t io n  e v e n tu a l ly  
r e s u l t in g  in  2 - m e th y ls e r in e ,  (4) D e s a tu r a t iv e  d e a m in a t io n  
to  m e th a c ry l ic  a c i d ,  (5) H y d ro ly t ic  d e a m in a t io n  to  
2 — h y d ro x y iso b u ty r ic  a c i d . PLP a n d  PAP re fe r  to  
p y r id o x a l  p h o s p h a te  a n d  p y rid o x am in e  p h o s p h a te ,  
r e s p e c t i v e l y .
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1=0 +  C02 +  PAP
REVIEW OF LITERATURE
P u b lish e d  re p o r ts  h a v e  show n th a t  am ino a c i d s , b o th  d e x t r o -  and  
l e v o - r o t a r y , may b e  a t ta c k e d  by b io lo g ic a l  s y s te m s  in  many w a y s . 
D eam in a tio n  o r t r a n s a m in a t io n  r e s u l t s  in  th e  rem oval or t r a n s fe r  o f  an  
am ino  g ro u p .  Amino a c id  d e c a rb o x y la s e s  c a t a ly z e  th e  rem ova l o f th e  
eg c a rb o x y l  g roup ; h o w e v er ,  e x c e p t io n s  to  th i s  o c cu r  in  th e  d e c a rb o x y la ­
t io n  of d lc a rb o x y lic  am ino a c i d s .  Although d e a m in a t io n ,  d e c a rb o x y la t io n ,  
an d  t r a n s a m in a t io n  a re  u b iq u ito u s  b io c h e m ic a l  r e a c t i o n s , am ino a c id  
ra c e m iz a t io n s  a re  p e c u l ia r  to  th e  b a c t e r i a .  All of t h e s e  g e n e ra l  ty p e s  
of r e a c t io n s  m ust b e  c o n s id e re d  w h e n  th e  b a c te r i a l  c a ta b o l i s m  of a n  
am ino  a c id  i s  to  b e  s tu d ie d .  It i s  s ig n i f ic a n t  th a t  p y rid o x a l p h o sp h a te  
h a s  b e e n  d e m o n s tra te d  to  be  the. co en zy m e  in  n e a r ly  a l l  of t h e s e  
c a ta b o l ic  r e a c t io n s  and  i s  a l s o  im portan t in  am ino a c id  a n ab o l ism  
and  th e  t ra n s p o r t  of am ino a c id s  a c r o s s  c e l lu l a r  m em branes .
The d e g ra d a t iv e  m e tab o lism  of am ino  a c id s  m ost o f ten  In v o lv es  
th e  s e p a ra t io n  of th e  am ino group from th e  am ino  a c id .  The re s u l t in g  
c a rb o n  s k e le to n  may be c o n v e r ted  to  p ro d u c ts  in  common w ith  th o s e  of 
fat and  c a rb o h y d ra te  m e tab o lism , u l t im a te ly  to  be  o x id iz e d  to  c o m p le ­
t io n  or c h a n n e le d  in to  a n a b o l ic  p a th w a y s .  The g e n e ra l  a s p e c t s  of 
am ino a c id  m etabo lism  h a v e  b e e n  o u t l in e d  in  num erous sy m p o s ia  and  
t e x t s  (McElroy an d  G l a s s ,  1955; M e is te r ,  1957; G re e n b e rg ,  1961;
4
S a k a  mi a n d  H a rr in g to n ,  1963). It i s  a p ro p o s ,  h o w e v e r ,  to  b r ie f ly  d i s c u s s  
th e  h i s to r ic a l  backg ro und  of p a r t ic u la r  c a ta b o l ic  am ino  a c id  m e c h a n ism s .
A side  from th e  o x id a t iv e  rem ova l of th e  am ino g ro u p , f i r s t  d e f in i ­
t iv e ly  s tu d ie d  by Krebs (1935), p r o c e s s e s  o f h y d ro ly tic  an d  d e s a tu r a t lv e  
d e a m in a t io n  h av e  b e e n  I n v e s t ig a te d . An ex am ple  of th e  former i s  th e  
h y d ro ly tic  d e am in a t io n  of L -a s p a r t ic  a c id  to  y ie ld  th e  hydroxy d e r i v a t i v e , 
a* * m alic  a c id  and  am m onia  a s  rep o r ted  by V irtanen  and  Erkama (1938) 
in  P seu d o m o n as  f l u o r e s c e n s . S u b se q u e n t  a t te m p ts  by t h e s e  sam e  w o rk e rs  
to  verify  su c h  a h y d ro ly tic  d e a m in a t io n  met w ith  e q u iv o c a l  r e s u l t s  
(Erkama an d  V ir tanen , 1951). Q u a s te l  and  W oolf  (1926) o b se rv e d  a 
d e s a tu r a t lv e  d e a m in a t io n  of L -a s p a r t ic  a c id  in  r e s t in g  c e l l s  of 
E sc h e r ic h ia  c o l i .  The e n z y m e , a s p a r t a s e ,  c a ta ly z e d  th e  r e v e r s ib le  
r e a c t io n  w h e reb y  fum aric  a c id  an d  am m onia w e re  p ro d u c e d . At th e  
p re s e n t  tim e a s p a r t a s e  h a s  b e e n  d e m o n s tra te d  only  in  m ic roo rg an ism s 
an d  p l a n t s .  O th e r  m echan ism s of n o n -o x id a t iv e  d e a m in a t io n  h av e  b e e n  
o b s e rv e d .  M e tz le r  and  S n e ll  (1952a) sh ow ed  th a t  s e r in e  c o u ld  be  
c a ta b o l iz e d  in  P seu d o m o n as  a e ru g in o sa  by e n z y m a tic  d e h y d ra t io n  and  
s u b s e q u e n t  d e a m in a t io n • The d e a m in a t io n  of th r e o n in e , h o m o se r in e ,  
c y s t e i n e ,  and  h o m o c y s te in e  in v o lv e s  e l im in a t io n  o f th e  e le m e n ts  o f 
w a te r  or hyd rogen  su l f id e  from th e  am ino  a c i d .  Such  an  e l im in a t io n  
r e s u l t s  in  an  «*6 - ^  o r a  ^  ~ u n s a tu r a t io n .  R earrangem en t of th e  
co rre sp o n d in g  im ino a c i d ,  fo llo w ed  by h y d r o ly s i s ,  w ou ld  r e s u l t  in  th e  
p ro d u c tio n  of an  o c - k e to  a c id  and  am m onia .
T ra n sa m in a t io n ,  th e  t r a n s fe r  of a n  am ino  g roup  from a n  am ino  a c id  
to  a  k e to  a c id  w ith o u t  th e  in te rm e d ia te  p a r t ic ip a t io n  o f  f ree  a m m o n ia , 
w a s  f i r s t  o b se rv e d  in  1934 (H erbst and  E n g e l) . They d e m o n s tra te d  
su c h  a  r e a c t io n  in  bo iling  a q u e o u s  s o l u t i o n s . E nzym atic  t r a n s a m in a t io n  
w a s  f i r s t  rep o r te d  by B ra u n s te in  a n d  K ritsm ann (1937) in  p ig e o n  b r e a s t  
.m u sc le .  Num erous s tu d ie s  h av e  show n  th a t  th e  s c o p e  of e n z y m a tic  
t r a n s a m in a t io n  i s  very  b r o a d . '  t r a n s a m i n a s e s  s p e c i f i c  for L -am in o  a c id s  
a re  found in  a l l  l iv ing  s y s te m s ;  h o w e v e r ,  D -am in o  a c id  t r a n s m in a s e s  
h av e  b e e n  d e m o n s tra te d  m ostly  in  b a c te r i a  (T horne , G o m a y , and  
H o u se w rig h t ,  1955; Kuram itsu a n d S n o k e ,  1962). A re c e n t  rep o r t  h a s  
show n th a t  th e  s e r in e  t ra n s h y d ro x y m e th y la se  from ra b b i t  l iv e r  c a n  
t r a n s a m in a te  D - a la n in e  (Schirch  a n d  J e n k in s , 1964).
Amino a c id  d e c a rb o x y la s e s  a t ta c k  am ino a c id s  y ie ld in g  c a rb o n  
d io x id e  and  th e  c o rre sp o n d in g  a m in e .  Amine o x id a s e s  h a v e  b e e n  
d e m o n s tra te d  In  b a c te r ia  (S a ta k e ,  Ando, an d  F u j i t a ,  1953; M a r t in e z -  
C a rr io n  an d  J e n k in s ,  1963) in d ic a t in g  th a t  th e  p ro d u c tio n  of a m in es  i s  
no t  a  te rm in a l  r e a c t io n .  M ost b a c te r ia l  d e c a rb o x y la s e s  a re  a d a p t iv e  
en zy m es  an d  h av e  b e e n  show n  to  be  form ed in  q u a n ti ty  on ly  w h en  th e  
o rg an ism s  had  b e e n  grow n in  an  a c id  medium (G a le ,  1946). S eam an  
(1960) sho w ed  th a t  d e c a rb o x y la s e  p ro d u c t io n  by P seu d o m o n as  
re p t i l lv o ra  w a s  a c c o m p a n ie d  by a lk a l in e  c o n d it io n s  in  th e  m ed iu m .
The s y s te m  s tu d ie d  by E k la d iu s ,  King, an d  S u tto n  (1957) d if fe re d  from 
m ost b a c te r i a l  d e c a rb o x y la s e s  in  b e in g  o p t im a lly  a c t iv e  n e a r  pH 7 . 0
an d  in  not requ ir ing  a c id  c o n d i t io n s  for i t s  fo rm a tio n .  A lthough th e re  h a s  
b e e n  no c o m p le te ly  s a t i s f a c to ry  e x p la n a t io n  o f th e  fu n c t io n  of am ino  a c id  
d e c a rb o x y la s e s  in  th e  m e tab o lic  o p e ra t io n  of b a c te r i a l  c e l l s , i t  h a s  b e e n  
s u g g e s te d  (G a le ,  1946) th a t  th e  p ro d u c ts  of th e  r e a c t io n  s e rv e  to  
n e u tr a l iz e  a  s t ro n g ly  a c id  medium an d  to  su p p ly  a  so u rc e  of c a rb o n  
d io x id e  for f ix a t io n  r e a c t io n s  under  c o n d i t io n s  of l im ite d  c a rb o n  d io x id e  
r e te n t io n .
The m utual o x id a t io n - re d u c t io n  o f p a i r s  of am ino a c id s  (S tick land  
rea c t io n )  r e s u l t in g  In th e i r  d e a m in a t io n  o c c u rs  in  C lo s tr id iu m  sp o ro q e n e s  
(S t ic k la n d ,  1934). M any c lo s t r id ia  g row ing on  p ro te in  h y d ro ly z a te s  or 
am ino  a c id  m ix tu res  a p p e a r  to  o b ta in  m ost of th e i r  energy  by su c h  a  
c a ta b o l i c  m ech an ism  w ith  c e r ta in  am ino  a c id s  a c t in g  a s  hydrogen  
donors  an d  o th e rs  a s  hy d rogen  a c c e p t o r s .
E nzym es w h ich  ra c e m iz e  am ino a c id s  h av e  b e e n  d e m o n s tra te d  in  
m ic ro o rg a n ism s . W ood an d  G u n s a lu s  (1951) p a r t ia l ly  p u rif ied  a n  enzym e 
from S tre p to c o c c u s  f a e c a l i s  w hich  ra c e m iz e d  D -  an d  L - a la n in e .  T h ese  
workers^ f i r s t  p ro p o se d  th e  te rm , r a c e m a s e ,  for th i s  ty p e  of e n z y m e .
The p r e s e n c e  of a la n in e  r a c e m a s e  a p p e a rs  to  be  w id e s p re a d  in  m icro­
o rg an ism s  . It h a s  b e e n  show n th a t  a la n in e  r a c e m a s e  co u p le d  w ith  
s p e c i f i c  D -am in o  a c id  t r a n s a m in a s e s  c a n  a cc o u n t  for th e  s y n th e s i s  of 
t h o s e  D -am in o  a c id s  p re s e n t  in  th e  c e l l  w a l l  m a te r ia l  (m ucopep tide) of 
b a c t e r i a .  This su b je c t  h a s  b e e n  rev ie w ed  by S a l to n  (1964).
The im p o rtan ce  of th e  c o e n z y m e , p y rid o x a l p h o s p h a te ,  i s  w e l l  
do cu m en ted  for e n z y m a tic  r e a c t io n s  in vo lv ing  am ino a c id  t r a n s a m in a t io n s ,
d e a m in a t io n s  (d e h y d ra se s  and  d e s u l f h y d r a s e s ) , d e ca rb o x y la tio n s ,  a n d  
r a c e m iz a t lo n s . S c h len k  an d  S n e l l  (1945), G re e n ,  L e lo ir ,  an d  N oc ito  
{1945} and  L ic h s te in ,  U m b re it ,  an d  G u n s a lu s  (1945) h av e  rep o r te d  
e x p e r im e n ts  w h ic h  le d  d i re c t ly  to  th e  re c o g n i t io n  of th e  e s s e n t i a l  ro le
of p y r id o x a l  p h o sp h a te  in  en zy m atic  t r a n s a m in a t io n .  U m barger an d
»
Brown (1956) h a v e  o b se rv e d  L- a n d  D - th re o n in e  d e h y d ra s e s  in  £ .  c o l i  
w h ich  w e re  s t im u la te d  by p y rid oxa l p h o s p h a te .  L ik ew ise  th e  p re p a ra t io n  
of D - s e r in e  d e h y d ra se  from £.. c o l i  h a s  b e e n  show n to  req u ire  p y rid o x a l  
p h o sp h a te  (M e tz le r  and  S n e l l ,  1952a). The p ro p e r t ie s  of am ino  a c id  
d e c a rb o x y la s e s  h av e  b e e n  rev ie w ed  (G a le ,  1946; S n e l l ,  1953) and  
py rid oxa l p h o sp h a te  h a s  b e en  rep o r ted  to  be  th e  c o e n z y m e . In  th e  f i r s t  
p u b l is h e d  report  on a la n in e  r a c e m a se  (Wood an d  G u n s a lu s ,  1951), 
p y r id o x a l p h o sp h a te  w a s  show n to  b e  th e  req u ire d  c o e n z y m e .
The. m echan ism  of p y r id o x a l - c a ta ly z e d  r e a c t io n s  h a s  b e e n  c a re fu l ly  
s tu d ie d  (M e tz le r  and  S n e l l ,  1952b; M e tz le r ,  Ik a w a ,  and  S n e l l ,  1954).
The s im ila r i ty  b e tw e e n  r e a c t io n s  c a ta ly z e d  by e n z y m a tic  s y s te m s  and  
th o s e  c a ta ly z e d  n o n -e n z y m a t ic a l ly  by h e a te d  so lu t io n s  of p y r id o x a l  
an d  m eta l s a l t s  h a s  b e e n  e x p lo i te d .  The s t ru c tu ra l  f e a tu re s  of th e  
p y r id o x a l  m o lecu le  req u ire d  for c a t a l y s i s  of t h e s e  n o n -e n z y m a tic  
r e a c t io n s  a re  th e  formyl g roup , th e  p h e n o lic  g ro u p , an d  th e  h e te r o c y c l i c -  
ring  n itro g e n  a rra n g ed  in  th e  4., 3 -  a n d  1 - p o s i t io n s ,  r e s p e c t iv e ly .  The 
formyl g roup a p p e a rs  to  fu n c tio n  in  fo rm ation  of a  S c h i f f 's  b a s e  w ith  th e  
am ino a c i d .  The py rid oxa lram ino  a c id  com p lex  i s  fe l t  to  be  s t a b i l i z e d
by  c h e l a t i o n  w ith  th e  c a t a l y t i c  m e ta l  io n  (in  n o n -e n z y m a t ic  r e a c t io n s )  o r  
th e  a p o en z y m e  (in  e n z y m a t ic  r e a c t io n s )  (Sne ll a n d  J e n k in s ,  1959), v ia  
th e  n i t ro g e n  of th e  r e s u l t in g  a z o m e th in e  l i n k a g e , th e  p h e n o l ic  g r o u p , 
a n d  p ro b ab ly  th e  c a rb o x y l  g ro up  of th e  am ino  a c i d . The re s u l t in g  
p la n a r  s y s te m  of c o n ju g a te d  d o u b le  b o n d s  p ro v id e s  a  m ec h an ism  for 
th e  d i s p la c e m e n t  o f  a n  e le c t r o n  p a i r  from any  o f th e  b o n d s  o f th e  o£  c a rb o n  
of th e  am in o  a c i d  to w a rd  th e  s t ro n g ly  e le c t r o p h i l i c  h e te r o c y c l i c  n i t ro g e n .  
V arious s t r u c tu r a l ly  a n d  e le c t r o n ic a l ly  e q u iv a le n t  co m p o u n d s  s u c h  a s  
2 - fo rm y l- 3 -h y d ro x y p y r id in e  h a v e  b e e n  sh o w n  to  b e  a c t iv e  (M e tz le r  e t  a l . , 
1954). T h u s ,  t r a n s a m in a t io n ,  th e  e l im in a t io n  of a n  o f  h y d ro g e n ,  to g e th e r  
w i th  a  0  s u b s t i t u e n t , d e c a rb o x y la t io n  a n d /o r  r a c e m iz a t io n  of th e  am ino
b e e n  d e m o n s t r a te d ,  a s  in  th e  e n z y m a t ic  c a t a l y s i s  of t ry p to p h a n  fo rm a­
t io n  from s e r in e  a n d  in d o le  (U m bre it ,  W o o d , a n d  G u n s a l u s ,  1946). 
R e ce n tly  a  m ost in te r e s t in g  o b s e r v a t io n  by  C en n am o  (1964) h a s  in d ic a te d  
th a t  m e ta l  io n  in d e p e n d e n t  t r a n s a m in a t io n  may o c c u r  b e tw e e n  p y r id o x a l  
a n d  am ino  a c id  e s t e r s  .
The g e n e ra l  r e a c t io n  m ec h an ism  of p y r i d o x a l - c a t a l y z e d  r e a c t i o n s ,  
w h ic h  may be  c o n s id e r e d  to  b e  a n a lo g o u s  to  th e  e n z y m a t ic  m e c h a n is m s ,  
h a v e  b e e n  su m m arized  by M e tz le r  e t  a l .  (195 4 ) . R e le a s e  of a  p ro to n ,  
th e  c a rb o x y l  g roup  or th e  am ino  a c id  s id e  c h a in  from th e  p y r 'idox a l-  
am ino  a c id  c o m p le x  h a s  b e e n  c o n s id e r e d  in  d e t a i l .  I t  i s  s ig n i f ic a n t  
th a t  l o s s  of th e  o & hydrogen  a tom  i s  e s s e n t i a l  in  r e a c t io n s  le a d in g  to
a c id  may t a k e  p l a c e . e l im in a t io n  h a s  a l s o
*0
th e  r a c e m iz a t lo n ,  t r a n s a m in a t io n  or e l im in a t io n  o f  a n  am ino  a c i d .
T h is  i s  not th e  c a s e  if  th e  r e l e a s e  of th e  am ino  a c id  s id e  c h a in ,  a s  in  
th e  c le a v a g e  of th re o n in e  to  g ly c in e  and  a c e ta ld e h y d e  ( M e tz le r , 
L o n g en e ck e r ,  an d  S n e l l ,  1953), or th e  ca rb o x y l  g ro u p ,  i s  to  b e  a f f e c te d .  
The d e c a rb o x y la t io n  of an  am ino  a c id  w a s  not p re v e n te d  by re p la c in g  th e  
06 h yd rogen  atom  w ith  a n  a lk y l  g roup (M e tz le r  e t  a l . , 1954). The r e t e n ­
t io n  of th e  hydrogen  during e n zy m a tic  d e c a rb o x y la t io n  of l y s i n e , 
ty ro s in e  an d  g lu ta m ic  a c id  in  D2O (M a n d e le s ,  K oppelm an, an d  H a n k e ,  
1954) i s  s ig n i f ic a n t  in  th i s  r e g a rd .  A c o n c i s e  m e c h a n is t ic  rev iew  of 
p y r id o x a l  p h o sp h a te  e n zy m atic  r e a c t io n s  h a s  b e e n  p re s e n te d  by  Kosower 
(1962) an d  a re c e n t  sym posium  (Snell e t  a l . , 1963) h a s  rev ie w ed  
c h e m ic a l  an d  b io lo g ic a l  a s p e c t s  of p y r ido xa l c a t a l y s i s .
2 -M e th y l  am ino  a c id s  a re  am ino a c id  a n a lo g s .  T h ese  com pounds 
p o s s e s s  a  m ethyl g roup  in  p la c e  of th e  hydrogen  atom  on th e  a£(or 2) 
c a rb o n  atom  of th e  am ino  a c id .  The most common e x a m p le s  of su ch  
com pounds a re  2 -m e th y la la n in e  (2 - m e th y l - 2 -am in o p ro p io n ic  a c id  or 
cf> -am in o iso b u ty r ic  ac id )  and  i s o v a l in e  (2 - m e th y l - 2 -a m in o b u ty r ic  a c id ) ,  
d e n  D ooren  de  Jong (1926) rep o r te d  th a t  t h e s e  am ino a c id s  a p p e a re d  to  
b e  d e g ra d e d  by b a c t e r i a .  He sho w ed  th a t  A e ro b ac te r  a e ro c te n e s . 
B acterium  h e rb ic o la  and  M y co bac te r iu m  p h le i  c o u ld  grow in  a  medium 
c o n ta in in g  1 per c e n t  g lu c o s e ,  1 per c e n t  2 -m e th y la la n in e ,  0 .1  pe r  
c e n t  K2HPO4 , and  1 p e r  c e n t  C a C 0 3  in  ta p  w a te r .  I s o v a l in e  l ik e w is e  
se rv e d  a s  an  a p p a ren t  com bined  n i trog en  so u rc e  for B a c l^ u s  p o ly m v x a .
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A ero bac te r  a e ro a e n e a  and  B acterium  h e rb ic o la  u n der  s im ila r  c o n d i t i o n s .
2 -M e th y la la n in e  d id  not supp o rt  grow th  of any  o f th e  ab ove  o rg an ism s  
w h e n  u s e d  a s  a  so le ' so u rc e  of c a rb o n  an d  n i t r o g e n .
The m e tab o lic  fa te  of 2 -m e th y la la n in e  and  i s o v a l in e  in  a n im a l  
t i s s u e s  w a s  s tu d ie d  by L eighty  and  C o rley  in  1937. They re p o r te d  th a t  
t h e s e  am ino a c id s  w e re  for th e  m ost pa rt  e x c re te d  in  th e  u rine  a f te r  
s u b c u ta n e o u s  a d m in is t r a t io n  in to  d o g s .  C h r i s t e n s e n ,  A sp en , and  
R ice  (1956) rep o r te d  th a t  2 -m e th y la la n in e ,  2 -h y d ro x y m e th y ls e r in e ,a n d  
2 -m e th y l-D L -s e r in e  w ere  a c c u m u la te d  by th e  l iv e r  of th e  ra t a f te r  
in t ra p e r i to n e a l  a d m in is t r a t io n .  Their  u rinary  e x c re t io n  w a s  a p p ro x i ­
m ate ly  80 per  c e n t  in  15 to  30 h o u r s .  2 -M e th y la la n in e  w a s  e x c re te d  
to  a  minor e x te n t  in  th e  c o n ju g a te d  form , in  part a s  th e  a c e ty l  d e r iv a ­
t i v e .  This and  e a r l ie r  o b s e rv a t io n s  (Leighty an d  C o r le y ,  1937) of th e  
n o n m e ta b o l iz a b il i ty  of 2 -m e th y la la n in e  made a t  high d o s e  l e v e l s  w ere  
confirm ed  by t r a c e r  s tu d ie s  u s in g  2 - m e th y la la n in e -  1 - C ( N o a l l  e t  a l . ,  
1957). Such s tu d ie s  a l s o  in d ic a te d  th a t  2 - m e t h y l a l a n i n e - 1 - C ^  w a s  not 
in co rp o ra te d  in to  p ro te in  in  a  m am m alian p ro te in  s y n th e s iz in g  s y s te m .  
C h r i s t e n s e n  an d  Jo n es  (1961) e x te n d e d  th e  u se  of la b e le d  m e th y l-s u b ­
s t i tu te d  am ino a c i d s .  They rep o r te d  th a t  C 140 2 * d e te c te d  by  l iq u id  
s c in t i l l a t io n  c o u n t in g ,  p e rm itted  m easu rem en t of a very  l im ite d  m e tab o lic  
b reakdo w n  of 2 - m e th y la la n in e ,  1- a m in o c y c lo p e n ta n e - l - c a r b o x y l i c  a c id ,  
and  1- a m in o c y c lo h e x a n e - l - c a r b o x y l i c  a c id  fo llow ing  in t ra p e r i to n e a l  
in je c t io n  in to  m ic e .  T h e se  a u th o rs  d id  not a t t r ib u te  th i s  b reak d o w n  to
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th e  an im al o rg an ism  s in c e  th e  c o n te n ts  of th e  low er i n te s t i n e  w ere  a b le  
to  r e l e a s e  C 140 2  from 2 rm e th y la la n in e .  A b a c te r i a l  c e l l  e x tra c t  w h ich  
r e l e a s e d  C *40 2  an d  am m onia from 2 - m e t h y la l a n i n e - 1- C 14 w a s  rep o r te d  
but no d e f in i t iv e  s tu d y  w a s  m ade (C h r is te n s e n  and  J o n e s ,  1961).
S in c e  m ethy l am ino a c i d s ,  su ch  a s  2 -m e th y la la n in e ,  a p p e a r  to  be  
r e s i s t a n t  to  m e tab o lic  a t t a c k ,  a t  l e a s t  in  m am m alian  s y s te m s ,  th e y  h av e  
.o f ten  b e e n  em ployed  a s  m e tab o lic  t r a c e r s  to  fo llow  am ino a c id  t r a n s p o r t  
and  c o n c e n tr a t io n .  C h r i s t e n s e n  e t  a l .  (1952) fo l lo w ed  th e  in co rp o ra tio n  
of 2 -m e th y la la n in e  an d  i s o v a l in e  in to  Chrlich m ouse  a s c i t e s  ca rc in o m a  
c e l l s ,  and  C h r i s t e n s e n  and R iggs (1956) rep o r ted  th a t  t h e s e  am ino a c id s  
w e re  c o n c e n tr a te d  to  an  e v e n  g re a te r  e x te n t  th a n  th e i r  n a tu ra l ly  occu rring  
a n a lo g s  by th e  sam e  c e l l s .  R e p re se n ta t iv e  s tu d ie s  a l s o  in c lu d e  th e  
work of R iggs and  W alk e r  (1958) in  w h ich  d im in ish e d  u p tak e  of 2 -  
m e t h y l a l a n i n e - l - C 14 w a s  o b se rv e d  by th e  t i s s u e s  of T a ts  d e f ic ie n t  in 
v itam in  Bg. G e n e ra l  e n d o c r in e  co n tro l  of am ino a c id  t r a n s fe r  (N oall 
e t  a l . , 1957) an d  th e  a c t io n  of i n t e r s t i t i a l  c e l l  s t im u la tin g  horm one 
(H all an d  E ik -N e s ,  1962) h ave  b e e n  s tu d ie d  in  an im al t i s s u e s  w ith  2 -  
m e th y la l a n in e - l - C * 4 . 2 - 'M e th y la lan in e  h a s  a l s o  b e e n  em ployed  in  th e  
s tu d y  of am ino a c id  t ra n sp o r t  in  b a c te r ia  (D rapeau  an d  M acL eod , 1963; 
M arqu is  and  G e r h a r d t , 1964).
R e su l ts  in d ic a t in g  th e  c h e m ic a l  s t a b i l i ty  of 2 -m e th y la la n in e  w ere  
p u b l is h e d  by Leighty  and  C o rley  (1937). They re p o r te d  only  66 per  
c e n t  d e am in a tio n  of 2 -m e th y la la n in e  a f te r  22 m inu tes  c o n ta c t  w ith
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n i tro u s  a c i d .  A d d it io n a l ly ,  C h r i s t e n s e n  e t  a l .  (1952) sh ow ed  th a t  m ethyl 
am ino  a c id s  w e re  d e g ra d ed  so  s lo w ly  by n inhydrin  th a t  th ey  couljl  be 
de te rm in ed  by th e  c a rb o n  d io x id e  e v o lv e d  a f te r  o th e r  am ino a c id s  had  
b e e n  co m p le te ly  d e g ra d ed  by n in h y d r in .
M e th y l - s u b s t i tu te d  am ino a c id s  h av e  b e e n  found to  s e rv e  a s  in h ib i to rs  
in  v a r io u s  a r e a s  o f am ino a c id  m e ta b o l ism . T his  su b je c t  w a s  rev ie w ed  by 
C la rk  (1963). 2 -M e th y lg lu ta m ic  a c id  h a s  b e en  found to  in h ib i t  t r a n s ­
a m in a tio n  r e a c t io n s  (B rau n s te in , A zarkh , an d  M o g i le v s k a y a ,  1956) a s  
w e l l  a s  d e c a rb o x y la t io n s  (R oberts , 1953). D e ta i le d  s tu dy  of th e  a c t io n  
of 2 -m e th y lg lu tam ic  a c id  on th e  g lu ta m ic  d e c a rb o x y la s e s  of L a c to b a c i l lu s  
a ra b ln o s u s  re v e a le d  i t s  a c t io n  a s  a  c o m p e ti t iv e  in h ib i to r  (R oberts , 1953). 
Two a ro m atic  m ethyl am ino a c i d s ,  2 - m e t h y l - 3 , 4 -d ih y d ro x y p h e n y la la n in e  
an d  2 -m e th y l-3 -h y d ro x y p h e n y la la n in e , a d d ed  a t  low c o n c e n t r a t io n s ,  
a c c e l e r a te d ,  and  a t  h igh c o n c e n t r a t io n s ,  in h ib i te d  pig k id n ey  d ih y d ro x y ­
p h e n y la la n in e  d e c a rb o x y la s e  (S o u rk es , 1954). 2 -M e th y lm e th io n in e  h as  
b e e n  show n to  b lock  D -am ino  a c id  o x id a s e  a c t io n  on p h e n y la la n in e  
(P f is te r  e t  a l . ,  1955).
Although a r e s i s t a n c e  to  g e n e ra l  m e tab o lic  a t ta c k  i s  a p r in c ip a l  
fe a tu re  of m e th y l - s u b s t i tu te d  am ino a c i d s ,  a number of s tu d ie s  have  
b e e n  c a r r ie d  out to  s tu d y  th e i r  d e g ra d a t io n .  The e a r l i e s t  report  of such  
c a ta b o l ic  a c t iv i ty  w a s  th a t  of Ehrlich  (1908). He repo rted  th e  y e a s t  
fe rm en ta tio n  of D L - iso v a l in e  and  th e  i s o la t io n  of th e  lev o ro tary  isom er 
from th e  sp e n t  c u l tu re  m edium . S u b s e q u e n t ly  den  D ooren d e  Jong (1926)
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in d ic a te d  th a t  a  num ber o f b a c te r ia  w e re  a b le  to  em ploy e i th e r  2 -m e th y l-  
a la n in e  or i s o v a l in e  a s  a  so u rc e  of com bined  n itrogen  w h e n  grow n in  a 
medium  co n ta in in g  1 pe r  cen t  g lu c o s e .  The am ino a c id s  d id  not support 
grow th  o f  th e  t e s t  o rg an ism s  in  u n su p p le m e n te d  m e d ia .
The m e tabo lic  la b i l i ty  of 2 -m e th y la la n in e  w a s  in d ic a te d  by 
C h r i s t e n s e n  an d  Jones  (1961) w hen  th ey  rep o r te d  t h a t ,  "num erous 
co lifo rm  o rg an ism s  a re  a b le  to  d e g ra d e  cC -am in o iso b u ty r ic  a c i d . . . . .  . i n  
th e  low er i n te s t in e "  of th e  m o u se .  They fu rther  s t a te d  th a t  a  b a c te r ia l  
c e l l  e x tra c t  r e l e a s e d  C ^ 0 2  and  ammonia from cC -am in o iso b u ty r ic  a c i d - 1-  
C 1^ .  A p e rs o n a l  com m un ica tion  w ith  D r. C h r i s t e n s e n  (1964) r e v e a le d  
th a t  no a d d i t io n a l  work co n ce rn in g  th is  phenom enon  had  b e e n  p u b l is h e d .
Few d e f in i te  s tu d ie s  on th e  m e tab o lic  fa te  of 2 -m e th y l  am ino  a c id s  
h a v e  b e e n  m ad e . W e i s s b a c h ,  L ovenberg , and  U nden fr iend  (1960) d em on­
s t r a te d  th a t  a m am m alian am ino a c id  d e c a rb o x y la s e  a c te d  on 2 - m e th y l -  
t ry p to p h a n ,  2 -m e th y l-5 -h y d ro x y try p to p h a n ,  and 2 -m e th y ld lh y d ro x y p h e n y l-  
a la n in e .  S im ila rly  C a r l s s o n  and  L indqvist (1962) rep o r te d  th e  in  v ivo  
d e c a rb o x y la t io n  of 2 -m e th y ld ih y d ro x y p h e n y la la n in e  and  2 -m e th y l-  
m e ta ty ro s in e  in  mice and  ra b b i ts  a f te r  both in t ra p e r i to n e a l  and  i n t r a ­
v e n o u s  i n je c t io n .  H a y a ish i  e t  a l .  (1961) rep o r te d  th a t  2 -m e th y la la n in e  
w a s  t r a n s a m in a te d  a t  4 per c e n t  th e  ra te  of ^ - a l a n i n e  by a  « i - a l a n i n e -  
- a l a n in e  t r a n s a m in a s e  p u rif ied  8 0 -  to  150-fo ld  from j? . f l u o r e s c e n s .
W ilso n  and  S n e l l  (1 9 6 2 a ,  b) rep o r ted  th a t  2 -m e th y ls e r in e  and  2 -  
h y d ro x y m eth y lse r in e  w ere  m e tab o l ize d  to  a la n in e  and  s e r in e ,  r e s p e c t iv e ly ,
by  a so i l  p se u d o m o n ad . In  th e  p re s e n c e  of a d d e d  te t ra h y d ro fo la te  c rud e  
e x t r a c t s  of th i s  o rg an ism  c o n v e r te d  2 -m e th y ls e r in e  to  5 , 1 0 -m e th y l-  
e n e te t ra h y d ro fo la te  and  a la n in e .  From su c h  e x t r a c t s  a p y ridox a l  
p h o sp h a te  d e p e n d e n t  e n z y m e , 2 -m e th y ls e r in e  h y d ro x y m e th y lt ra n s fe ra se ,  
w a s  p u r if ied  2 5 - f o ld .  The work of W ils o n  an d  S n e l l  (1 9 6 2 a ,b )  r e p r e s e n ts  
th e  e n zy m atic  e q u iv a le n t  of th e  n o n -e n z y m a t ic  p y r id o x a l - c a ta ly z e d  
c le a v a g e  of 2 -m e th y ls e r in e  s tu d ie d  by L o n g en eck e r ,  Ik a w a ,  and  S ne ll  
(1954).
K alyankar a n d  S n e ll  (1962), em ploying  a n o n -e n z y m a t ic  s y s te m ,  
show ed  th a t  2 -m e th y la la n in e  u nderw en t tw o c lo s e ly  r e la te d  but In d e ­
p en d en t  re a c t io n s  w hen  h e a te d  w ith  p y rido xa l in  an  a q u e o u s  so lu t io n  in 
th e  a b s e n c e  of m eta l  i o n s .
(1) ( c h 3)2- c ( n h 2) - c o o h  pyrtd°x?l » . ( c h 3)2 - c h - n h 2 + c o 2
(2) (CH3) 2 -C (N H 2)-C O O H  + p y r i d o x a l ------------► (CH3) 2- C = 0  + C 0 2 +
pyridoxam ine
R eac tion  1 i s  a n a lo g o u s  to  th e  d e c a rb o x y la t io n  of am ino a c id s  by p y r i ­
do x a l p h o sp h a te  en zy m es ; re a c t io n  2 w a s  d e s c r ib e d  a s  a d e c a rb o x y la t io n  
d e p en d e n t  t r a n s a m in a t io n .
MATERIALS AND METHODS
B a c te r io lo g ic a l
I s o la t io n  fit tb s . e x p e rim e n ta l o rg a n ism . The te c h n iq u e  of e n r ic h ­
m ent c u ltu r in g  w a s  em p loyed  in  th is  s tu d y  in  o rd e r to  i s o la te  an  o rg an ism  
w h ich  w a s  c a p a b le  o f u ti l iz in g  2 -m e th y la la n in e  a s  a  s o le  so u rc e  of 
c a rb o n . O ne gram  sa m p le s  of s o i l  o b ta in e d  from d iffe ren t a re a s  on  
th e  cam pus of L o u is ia n a  S ta te  U n iv e rs ity  w e re  u s e d  a s  a so u rc e  o f 
in o cu lu m . The en rich m en t m edium  c o n ta in e d  0 .2  p e r c e n t  2 -m e th y la la n in e  
in  th e  s a l t  so lu tio n  of S ta n ie r  (1947). The pH of th e  m edium  w a s  7 .0 .
Each s o i l  sam p le  w a s  in o c u la te d  in to  a 250 ml E rlenm eyer f la s k  c o n ­
ta in in g  100 ml of m edium . A fter th re e  to  fiv e  d a y s  of in c u b a tio n  a t 
room te m p e ra tu re  (ap p ro x im ate ly  25 C ) ,  grow th  w a s  o b se rv e d  a n d  0 .5  
to  1 .0  ml of c u ltu re  w a s  tra n s fe r re d  to  fresh  m edium  an d  a g a in  in c u b a te d . 
A lo o p fu l of m a te ria l from th e  fourth  t r a n s fe r  w a s  s tre a k e d  for co lo n y  
i s o la t io n  on  a s o l id  m edium  d is p e n s e d  in  p e tr i d i s h e s .  The s o l id  
m edium  w a s  id e n t ic a l  to  th e  en rich m en t m edium  e x c e p t th a t  it c o n ­
ta in e d  1 .5  per c e n t a g a r .  S am p les of c o lo n ia l  g row th  w ere  re s tre a k e d  
to  in su re  p u rity  of th e  i s o l a t e s .  I s o la te s  w ere  ex am in ed  by ro u tin e  
b a c te r io lo g ic a l  m ethods w ith  re s p e c t  to  c o lo n ia l  an d  c e l lu la r  m orph­
o lo g y . and  s ta in in g .
2 -M e th y la la n in e  m etab o liz in g  i s o la te s  w ere  c a r r ie d  in  sc rew  cap  
t e s t  tu b e s  in  m edia of th e  fo llow ing  co m p o s itio n :
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2 -M e th y la la n in e  M edium
C om pound P er c e n t
2 -M e th y la la n in e 0 . 2
S odium  a c e ta te 0 .0 0 5
Y eas t e x tra c t  (D ifco) 0 .0 0 5
k2 h p o 4





A gar (D ifco) 1 .5
S o lv e n t:  T ap w a te r  pH 7 .2
C u ltu re s  w e re  t r a n s fe r re d  e v e ry  tw o  w e e k s  o n  th e  a v e ra g e  a n d  p e r io d ­
ic a l ly  re e x a m in e d  m ic ro s c o p ic a l ly .  In c u b a tio n  o f c u l tu re s  an d  o f a l l  
c u ltu r in g  to  b e  s u b s e q u e n tly  m en tio n ed  w a s  c a r r ie d  ou t a t  30 C e x c e p t  
for th e  in c u b a tio n  of sh a k e  f la s k s  an d  s to c k  c u l tu r e s .  S h a k e  f l a s k s  
w e re  in c u b a te d  a t  room  te m p e ra tu re  an d  w e re  sh a k e n  on  a  ro ta ry  sh a k e r  
(New B runsw ick  S c ie n t i f ic  C o . , I n c . , New B ru n sw ic k , New  J e r s e y ) .
The m eth o d s em p lo y ed  in  th e  id e n t i f ic a t io n  of th e  e x p e r im e n ta l  
o rg a n ism  w e re  g e n e ra l ly  th o s e  d e s c r ib e d  in  th e  M a n u a l o f M ic ro b io ­
lo g ic a l  M e th o d s (1 9 5 7 ). A ll m ed ia  u s e d  in  b io c h e m ic a l  t e s t s  w e re  
p ro d u c ts  o f D ifco  L a b o ra to r ie s , D e tro i t ,  M ic h ig a n , or w e re  p re p a re d  
from in g re d ie n ts  s u p p lie d  by th a t  m a n u fa c tu re r . I d e n t i f ic a t io n  of th e  
o rg an ism  w a s  m ade a c c o rd in g  to  B e rg e y 's  M an u a l o f D e te rm in a tiv e  
B a c te rio lo g y  (B reed , M u rray , an d  S m ith , 1957).
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C u ltu re  o f th e  e x p e rim e n ta l o rg a n is m . C e l ls  u se d  in  in i t i a l  s tu d ie s  
co n ce rn in g  th e  o x id a tio n  of 2 -m e th y la la n in e  w ere  h a rv e s te d  from Roux 
f la s k s  (12 x  20 cm) c o n ta in in g  125 ml of 2 -m e th y la la n in e  m edium .
L arger c ro p s  o f c e l l s  w e re  o b ta in e d  from th e  sam e m edium  d is p e n s e d
s.
in to  la rg e  (28 x  40 cm) s t a in le s s  s t e e l  t r a y s .  The p re p a ra tio n  o f c e l lu la r  
e x tra c ts  re q u ire d  la rg e r  q u a n ti t ie s  o f c e l l s  th a n  c o u ld  b e  o b ta in e d  by  th e  
a b o v e  m e th o d s . The New B runsw ick  C o n tin u o u s  C u ltu re  A p p a ra tu s ,
M odel C F -5 0 0  (New B runsw ick  S c ie n t if ic  C o . , I n c . ) ,  w a s  em p loyed  to  
grow gram  q u a n ti t ie s  of b a c te r ia .
The d iag ram  show n  in  F igu re  2 su m m arizes  th e  p re p a ra tio n  of 
inocu lum  fo r th e  c o n tin u o u s  c u ltu re  a p p a ra tu s .  2 -M e th y la la n in e  
m edium w a s  u se d  th rough  S te p  3 (F ig . 2) e x c e p t w h ere  a  l iq u id  m edium  
w a s  d e s i r e d ,  in  w h ich  c a s e  th e  a g a r  w a s  o m itte d . The m edium  u se d  in  
th e  c o n tin u o u s  c u ltu re  a p p a ra tu s  w a s  a  m o d ifica tio n  of 2 -m e th y la la n in e  
m edium . The c o n te n t of KH2PO4 w a s  in c re a s e d  to  0 .1 5  p e r c e n t and  
0 .0 5  per c e n t of Na^H PO ^ w a s  a d d e d . T his w a s  done so  th a t  th e  pH 
of th e  m edium , w h ich  ro s e  during  g ro w th , c o u ld  be  c o n tr o l le d /  S te r i l ­
iz a t io n  w a s  a c c o m p lish e d  by a u to c la v ln g  th e  m edium  in  c o n c e n tra te d  
form (200 m l), m inus th e  M gSC4 . The M gSC4 , a ls o  in  c o n c e n tra te d  
fo rm , w a s  a u to c la v e d  in  another f l a s k .  The s te r i le  c o n c e n tra te d  
m edium  an d  MgS0 4  so lu tio n  w ere  th e n  ad d ed  to  . 9 .8  l i t e r s  o f ta p  w a te r  
p re v io u s ly  s te r i l iz e d  by a u to c la v ln g  for 60 m in u te s .
The em pty  c u ltu re  v e s s e l s  w e re  a u to c la v e d  for 15 m in u te s  a t 120 C ,  
a s  w ere  th e  s t a in le s s  s te e l  g la s s -w o o l  a ir  f i l t e r s ,  s ip h o n  tu b e ,  and
F ig u re  2 . Flow  s h e e t  fo r th e  p re p a ra tio n  of in o cu lu m  fo r c o n tin u o u s  
c u ltu re  o f th e  e x p e r im e n ta l o rg a n is m .
Step I. Suspend growth from two slant
cultures in 4  ml of sterile saline. 
Inoculate two Roux flasks.
Step 2. Incubate for 2 - 3  days at 30  C. 
Suspend growth in 2 0  ml of s te r­
ile saline.
Step 3. Inoculate two 2 liter flasks (1000 
ml each). Shake for 2 - 3  days.
&
Step 4. Pitch 2 liters of inoculum into 8 
liters of fresh medium in the 
culture vessel.
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c o n n e c tin g  ty g o n  tu b in g . T en l i t e r s  o f f re sh  m edium  w e re  ad d ed  to  th e  
s te r i le  c u ltu re  v e s s e l s  by u s e  of a  s ip h o n  tu b e  an d  a ir  p re s s u re  from th e  
c o n tin u o u s  c u ltu re  a p p a r a tu s .
The o rg an ism  w a s  grow n in  th e  c o n tin u o u s  c u ltu re  a p p a ra tu s  under 
c o n d itio n s  of c o n tin u o u s  c u l tu r e .  The te m p e ra tu re  of th e  c u ltu re  v e s s e l  
w a s  h e ld  a t  30 C ,  w h ile  th e  c o n te n ts  w e re  a g i ta te d  (150 rpm) an d
aera ted  (ap p ro x im ate ly  1000 m l/m in ) . A era tion  w a s  a c c o m p lish e d  by  a ir
*
p re s s u re ,  g e n e ra te d  in  a c o m p re s so r , and  fo rc e d  th rough  a u to c la v e d  
g la s s -w o o l  f i l t e r s .  A lthough foam ing w a s  no t a  p ro b lem , 1 .0  to  2 .0  
ml of a  s te r i l e  1 to  10 d ilu tio n  o f foam  d e p re s s a n t  (Antifoam  6 ,  Dow 
C o rn in g , M id lan d , M ich igan ) w a s  a d d ed  a f te r  in o c u la t io n .
C e n tr ifu g a tio n  of la rg e  vo lu m es of m atu re  c u ltu re  from th e  c o n ­
tin u o u s  c u ltu re  a p p a ra tu s  w a s  a c c o m p lish e d  by u se  of a  S h a rp ie s  s te am  
d riv en  c e n tr ifu g e . The c e l l  p a s te  re s u ltin g  from th is  c e n tr ifu g a tio n  w a s  
su s p e n d e d  in  200 ml d is t i l l e d  w a te r  and  c e n tr ifu g e d  a t  1 .2  x  10^ x g for 
15 m in in  a  S e rv a ll M odel R C-2 c e n tr ifu g e  (Ivan  S o rv a ll ,  I n c . , N orw alk , 
C o n n e c t ic u t) . The c e l ls  w ere  w a sh e d  an  a d d it io n a l  tim e  by  r e s u s p e n ­
s io n  in  100 ml of 0 .0 5  M p h o sp h a te  b u ffe r , pH 7 .5 .  The c e l l  p a s te  
w a s  s to re d  in  c a p p e d  c e n tr ifu g e  tu b e s  a t  -2 3  C .  The y ie ld ,  in  te rm s 
of w e t w e ig h t of c e l l s  per l i te r  of grow th  m edium , w a s  in  th e  o rd e r of 
0 .8  to  1 .0  g ram .
C h e m ica l
M a te r ia l s . A ll in o rg an ic , s a l t s  em p loyed  in  th i s  s tu d y  w ere
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a n a ly t ic a l  re a g e n t g ra d e  an d  w ere  o b ta in e d  a n d  h e ld  on ly  fo r th is  s tu d y . 
The in o rg a n ic  in h ib ito rs  , sod ium  a r s e n i t e , p o ta s s iu m  c y a n id e , an d  
hyd roxy lam ine  w e re  p u rc h a se d  from th e  M a llln ck ro d t C h e m ic a l W o rk s ,
S t .  L o u is , M is s o u r i .  Sodium  a s id e  w a s  o b ta in e d  from  A. S . L aPine and  
C o . ,  C h ic a g o , I l l i n o i s .
2 -M e th y la la n in e  an d  th e  o th e r  am ino  a c id s  em p lo y ed  w e re  p ro d u c ts  
of th e  N u tritio n a l B io ch em ica l C o r p . ,  C le v e la n d , O h io . 2 -M e th y la la n in e  
w a s  found  to  y ie ld  o n ly  one  n in h y d rin  sp o t w hen  ch ro m ato g rap h ed  in  a 
num ber o f am ino  a c id  so lv e n t s y s te m s .  Sodium  p y ru v a te , sod ium  
o £ - k e to g lu ta r a te ,  an d  o x a lo a c e tic  a c id  w ere  o b ta in e d  from  th e  
N u tr itio n a l B io ch em ica l C o rp . The sod ium  s a l t s  of « c -fce to b u ty ra te  and 
o f l-k e to v a le ra te  w e re  o b ta in e d  from th e  Sigm a C h e m ic a l C o . , S t .  L o u is , 
M is s o u r i .
The com pounds s tu d ie d  a s  p o s s ib le  in te rm e d ia te s  o f 2 -m e th y l­
a la n in e  c a ta b o lism  w e re : a c e to n e  (M a llln ck ro d t C h e m ic a l W o rk s , S t .  
L o u is , M is s o u r i) , iso p ro p y la m in e , iso b u ty r ic  a c id ,  2 -h y d ro x y iso b u ty r ic  
a c id  (E astm an C h e m ic a l C o . , R o c h e s te r , New Y ork), an d  m e th ac ry lic  
a c id  (K&K L a b o ra to r ie s , P la in v ie w , New Y ork ).
N u tr itio n a l B io ch em ica l C o rp . w a s  th e  s u p p lie r  o f th e  th re e  
in h ib i to rs :  {* -ch lo ro m ercu rib en zo lc  a c id ,  N -e th y l-m a le im id e , and
D L -p e n ic il la m in e . Io d o a c e tic  a c id  an d  2 ,4 -d ic h lo ro p h e n o l  w ere  o b ­
ta in e d  from th e  E astm an  C h e m ic a l C o . ,  w h ile  D -c y c lo s e r in e  w a s  a g if t  
from Eli L illy  an d  C o . , In d ia n a p o lis ,  In d ia n a .
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P y rid o x a l p h o s p h a te  a n d  o th e r  d e r iv a t iv e s  o f p y rld o x ln e  w e re  p u r­
c h a s e d  from  th e  N u tr i t io n a l  B io c h e m ic a l C o r p . a n d  from  G e n e ra l  
B lo c h e m lc a ls , C h a g r in  F a l l s , O h io .
C a t a l a s e , i s o la t e d  from  b e e f  l i v e r , a n d  a c y la s e  1 w e re  p u rc h a s e d  
from  th e  N u tr i t io n a l  B io ch e m ic a l C o rp . ,  w h ile  L -am in o  a c id  o x id a s e  
(1AO, s n a k e  venom ) w a s  o b ta in e d  from  th e  W o rth in g to n  B io ch e m ic a l 
C o r p . ,  F re e h o ld , New  J e r s e y .
O th e r  co m p o u n d s a n d  r e a g e n t s , su c h  a s  e th y le n e d la m in o te tr a a c e t ic  
a c id  (EDTA), t r i s  (hydroxym ethy l) a m in o e th a n e  (T ris ) , a n d  th e  r e a g e n ts  
u s e d  in  c h e m ic a l  a s s a y s  w e re  o b ta in e d  from  c o m m erc ia l s o u r c e s .
T he a d s o rb e n ts  em p lo y ed  in  th in  la y e r  c h ro m a to g rap h y  w e re  
o b ta in e d  from  B rinkm ann In s tru m e n ts  I n c . , G re a t  N e c k , New Y ork. A ll 
m a te r ia ls  u s e d  in  co lu m n  c h ro m a to g rap h y  w e re  p ro d u c ts  of P h a rm a c ia , 
U p p s a la ,  S w e d e n .
A s s a y s . T he d is a p p e a ra n c e  of 2 -m e th y la la n in e  a n d  th e  p ro d u c tio n  
o f a la n in e ,  c a ta ly z e d  by c e l lu la r  e x tr a c ts  o f th e  2 -m e th y la la n in e  i s o l a t e ,  
w e re  m e a su re d  by  th e  n in h y d rin  m ethod  o f H o u sew rlg h t a n d  T horne (1 9 5 0 ). 
The am ino  a c id s  w ere  s e p a ra te d  by m eans o f th in  la y e r  c h ro m a to g rap h y  
o n  c e l lu lo s e .  In d iv id u a l s p o ts  w e re  s c ra p e d  o ff th e  g l a s s  p la te s  an d  
e lu te d  w ith  th e  n in h y d rin  r e a g e n t . P y ru v ic  a c id  w a s  d e te rm in e d  by  th e  
K a tsu k i e t  a l .  (1961) m o d if ic a tio n  o f th e  F rie d m a n n -H a u g e n  m e th o d . 
A ce to n e  w a s  m e a su re d  by  th e  s a l ic y la ld e h y d e  m ethod  o f B ehre (1 9 4 0 ). 
M ic ro d if fu s io n  a c c o rd in g  to  th e  m ethod  of C o n w ay  (1957) a n d  t i t r a t io n
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w ith  s ta n d a rd is e d  HC1 p e rm itte d  th e  q u a n ti ta t io n  o f a m m o n ia . P y rid o x a l 
p h o sp h a te  w a s  e s t im a te d  b y  th e  sp e c tro p h o to m e tr ic  m ethod  o f W a d a  an d  
S n e ll  (1 9 6 1 ).
P ro te in  w a s  m e a su re d  by  th e  b iu re t  m ethod  of G o rn a ll ,  B a rd a w ill, 
a n d  D av id  (1349) w h e n  i t  w a s  d e s i r a b le  to  e s t im a te  p ro te in  in  c ru d e  
c e l lu la r  e x t r a c t s . S m a lle r  a m o u n ts  o f p ro te in  w e re  d e te rm in e d  by th e  
m ethod  o f Lowry e t  a l .  (1 9 5 1 ). S ta n d a rd  c u rv e s  w e re  p re p a re d  w ith  
c r y s ta l l in e  b o v in e  se rum  a lb u m in  (Armour L a b o ra to r ie s , K a n k a k e e ,
I l l i n o i s ) .
D e te rm in a tio n s  a n d  p ro c e d u re s
M an o m etrlc  m e th o d s . O xygen  c o n su m p tio n  a n d  c a rb o n  d io x id e  
e v o lu tio n  w e re  m ea su re d  m an o m etrica lly  w ith  a  W arbu rg  r e s p i ra to r  by 
p ro c e d u re s  o u tlin e d  by U m b re it, B u rr is , a n d  S ta u ffe r  (1 9 5 7 ). For 
s tu d ie s  in v o lv in g  o x y g en  u p ta k e  e a c h  s in g le  s id e -a rm  v e s s e l  c o n ta in e d
0 .5  ml o f 0 .0 6 7  M or 0 .0 5  M p h o sp h a te  b u ffe r  (pH 7 .5 )  w ith  0 .2  ml of 
20 p e r c e n t  p o ta s s iu m  h y d ro x id e  in  th e  c e n te r  w e l l .  A s u s p e n s io n  of 
w a s h e d  b a c te r ia ,  s ta n d a rd iz e d  by re la tin g  tu rb id i ty ,  m e a su re d  a t 
600 nyi in  a  B au sch  a n d  Lomb S p e c tro n ic  2 0 , to  a  dry w e ig h t s ta n d a rd  
c u rv e , w a s  a d d e d  to  e a c h  v e s s e l .  S u b s tra te s  in ^ im o le  a m o u n ts  w e re  
p la c e d  in  th e  e x p e r im e n ta l bu t no t th e  c o n tro l v e s s e l ,  a n d  s u f f ic ie n t  
d i s t i l l e d  w a te r  w a s  u se d  to  b ring  th e  vo lum e of f lu id  in  e a c h  v e s s e l  
to  3 .0  m l. O x id a tio n  s tu d ie s  w e re  c a r r ie d  ou t a t  30 C w ith  a ir  a s  th e  
g a s e o u s  p h a s e .
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The d e c a rb o x y la se  a c t iv i ty  o f c e l lu la r  e x tr a c ts  w a s  in i t ia l ly  
m easu red  in  do u b le  s id e -a rm  v e s s e l s  u n der a n  a tm o sp h e re  o f n itro g e n . 
W hen  i t  b ecam e  a p p a re n t th a t  c e l lu la r  e x tr a c ts  c o u ld  not o x id iz e  2 -  
m e th y la la n in e , th e  in te rm e d ia te s  of i t s  c a ta b o l is m , o r th e  o th e r  com ­
p o n e n ts  o f th e  re a c t io n  m ix tu re , th e  u se  of n itro g e n  w a s  d is c o n tin u e d  in  
fav o r o f a ir  a s  th e  g a s e o u s  p h a s e .  All e x p e rim e n ts  w ere  c a r r ie d  ou t a t  
30 C ,  e a c h  v e s s e l  c o n ta in in g  0 .S  to  1 .0  ml b u ffe r , e i th e r  0 .0 5  M 
p h o sp h a te  or 0 .0 5  M T ris -H C l (pH 7 .8 )  w ith  0 .2  ml o f 10 or 20 per 
c e n t t r ic h lo ro a c e t ic  a c id  (TCA) in  a  s id e - a rm . S u b s tra te s ., i n  ^imole 
a m o u n ts , w e re  p la c e d  in  th e  o th e r  s id e -a rm  and co en zy m e  an d  e x p e r i ­
m en ta l a d d itio n s  ( s a l t , in h ib i to r s , e t c .) w ere  a d d ed  to  th e  m ain com ­
p a rtm e n t. The m ain com partm ent c o n ta in e d  from 1 to  28 mg of c ru d e  or 
p a r t ia l ly  p u rified  c e l lu la r  e x tra c t an d  su f f ic ie n t  d i s t i l l e d  w a te r  to  m ake 
a  f in a l volum e of 3 .0  m l. E ndogenous p ro d u c tio n  of c a rb o n  d io x id e  w a s  
m ea su re d  in  a  v e s s e l  not c o n ta in in g  th e  m e th y l-s u b s t i tu te d  am ino a c id  
u n der s tu d y . The re a c tio n  w a s  te rm in a te d  an d  c a rb o n  d io x id e  w a s  
q u a n ti ta t iv e ly  r e le a s e d  a t  th e  end  of th e  in c u b a tio n  p e rio d  by th e  
a d d itio n  of TCA from one of th e  s id e - a rm s .
Each W arburg v e s s e l  an d  m anom eter w a s  c a l ib ra te d  fo r Ic q^ and
^C O  ya lu e s  a t  30 C and 3 .0  ml f in a l volum e by th e  m ercury m eth o d .
2
A ll am ino a c id s ,  o rg an ic  a c id s ,  in h ib i to r s ,  e t c .  w e re  a d ju s te d  
to  n e u tra l  pH b e fo re  a d d itio n  to  th e  r e a c t io n  m ix tu re . S o lu tio n s  o f k e to  
a c id s  an d  p y rid o x al p h o sp h a te  w ere  p re p a re d  in  10 to  25 ml .vo lum es,
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a d ju s te d  to  n e u tra l  p H , d is p e n s e d  in  sm a ll v o lu m e s , ad d  h e ld  a t  -2 3  C 
u n til  u s e d .  A ll o th e r  s u b s tr a te s  w ere  h e ld  a t  4 C .
The p re p a ra tio n  of 0 .0 6 7  M p h o sp h a te  b u ffe r w a s  a c c o m p lish e d  by 
m ixing th e  a p p ro p r ia te  am ount of 0 .0 6 7  M KH2PO4 and  0 .0 6 7  M 
N a2HP0 4 *2H 2 0 . O th e r p h o sp h a te  b u ffe r w a s  p rep a red  by a d ju s tin g  th e  
pH pf a so lu tio n  o f N a2HP0 4 *7H 20  to  th e  d e s ire d  pH w ith  HC1, fo llo w ed  
by d ilu tio n  to  0 .5  M . T ris -H C l b u ffer w a s  p rep a red  by th e  a d d itio n  of 
a n  a p p ro p ria te  am ount of 0 .2  M .H C1 to  50 ml o f 0 .2  M T ris s to c k  s o lu ­
t io n  an d  d ilu tin g  to  200 m l. All pH d e te rm in a tio n s  w ere  c a rr ie d  out w ith  
th e  B eckm an Z ero m atic  pH m ete r.
P re p a ra tio n  of c e l lu la r  e x t r a c t s . To p rep a re  c e l lu la r  e x tra c ts  
ap p ro x im a te ly  10 g (w et w e ig h t) of w a sh e d  b a c te r ia  (fresh  or f ro z e n ), 
a sm a ll s p a tu la  t ip  of f in e  g la s s  b e a d s  (0 .0 8 8  to  0 .0 6 2  mm, F le x -O -L ite  
M fg. C o r p . , S t .  L o u is , M is s o u r i) ,  an d  30 ml of 0 .0 5  M p h o sp h a te  b u ffer 
(pH 7 .5 ) w e re  c h il le d  in  an  ic e  b a th .  The c h il le d  s lu rry  of b a c te r ia  w a s  
th e n  pou red  in to  a B ranson  R o se tt co o lin g  c e l l  (R o se tt, 1965) an d  p la c e d  
in  an  a lc o h o l-w a te r  c o ld  b a th  s e t  a t a b o u t -2  to  -5 C . The b a c te r ia  
w ere  s u b je c te d  to  so n ic  d is ru p tio n  for 10 m in u tes  by u s e  of a  20 kc  
B ranson  s o n if ie r .  The te m p e ra tu re  of th e  b a c te r ia l  s u s p e n s io n  rem ained  
a t 10 ±2 C during  s o n ic a t io n .  W hen  la rg e r  vo lum es of b a c te r ia  w ere  
h a n d le d , lo n g e r p e rio d s  of s o n ic a tio n  w ere  re q u ire d . C e llu la r  d e b ris  
an d  a b ra s iv e  w e re  rem oved  by c e n tr ifu g a tio n  for 15 m in u tes  a t  2 7 ,0 0 0  *  g 
in  a  S e rv a ll RC -2  c e n tr if u g e . The c le a r  c e l lu la r  e x tra c t  w a s  d e c a n te d  
an d  u se d  fo r e x p e r im e n ta tio n .
C h ro m ato g rap h ic  m e th o d a . A lthough one  d im e n s io n a l a sc e n d in g  
p a p e r  s tr ip  ch rom atog raphy  w a s  u se d  in  th e  e a r ly  s ta g e s  of th is  s tu d y , 
ch ro m a to g rap h ic  s e p a ra t io n s  w e re  m ain ly  a c c o m p lish e d  u s in g  th in  la y e r  
ch rom atog raphy  (TLC). G e n e ra lly  th e  m ethods o u tlin e d  by T ru ter (1963) 
w ere  fo llo w e d . The equ ipm en t w a s  p u rc h a se d  from B rinkm ann 
In s tru m e n ts , I n c .
G la s s  p la te s  (20 x  20 cm) w ere  c o a te d  w ith  e ith e r  c e l lu lo s e  
pow der (type  300G , 15 g in  90 ml d i s t i l l e d  w a te r) o r s i l i c a  g e l (type  G , 
30 g in  60 ml d is t i l le d  w a te r ) .  Thin film s of a d so rb e n t w e re  sp re a d  
em ploying  an  a d ju s ta b le  sp re a d e r  (S tah l ty p e) s e t  ro u tin e ly  a t 0 .5  mm. 
The film s w ere  p e rm itted  to  dry o v e rn ig h t a t room te m p e ra tu re .
S am p les  w e re  a p p lie d  to  th e  th in  la y e r  p la te s  w ith  g la s s  tub ing  
draw n ou t to  f in e  c a p i l l a r i e s . TLC p la te s  w ere  d e v e lo p e d  u sin g  th e  
s e r ie s  of s o lv e n ts  rep o rte d  in  T ab le  1. E xperim en ta l sa m p le s  of am ino 
a c id s  from re a c tio n  m ix tu res w ere  a u to c la v e d  to  d riv e  o ff th e  TCA w hich  
had  b e e n  ad d ed  to  p re c ip ita te  p ro te in . The 2 , 4 -d in itro p h e n y lh y d ra z o n e s  
of k e to  a c id s  and  k e to n e s  w ere  p rep a red  by adding  abou t 100 ^ m o le s  of 
th e  p a re n t com pound to  10 to  15 ml of a f r e s ’.ily p rep a red  0 .2  per c e n t 
(w /v) so lu tio n  of 2 ,4 -d in itro p h e n y lh y d ra z in e  in  2 .0  N HC1. The 2 ,4 -  
d in itro p h e n y lh y d ra z o n e s  of e x p e rim e n ta l sa m p le s  of k e to  a c id s  and  
k e to n e s  w ere  p rep a red  in  a s im ila r  m anner. Amino a c id  s p o ts  w ere  
d e te c te d  by sp ray in g  w ith  a 0 .2 5  per c e n t (w /v) so lu tio n  of n in h y d rin  
in  a c e to n e .  C o lo r d ev e lo p m en t of th e  sp o ts  o f th e  m e th y l-s u b s t i tu te d
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T ab le  1
S o lv e n ts  u se d  in  th in  la y e r  ch rom atog raphy
C la s s  of com pounds S o lv e n t R efe ren ce
Amino a c id s n -B u ta n o l, a c e t ic  a c id , S lo tta  a n d  P rim o sig h , 
w a te r  (4 :1 :5  v /v )  1951
P h e n o l, w a te r  
(3:1 w /v )
n -P ro p a n o l, w a te r  
(1:1 v /v )
U nderw ood an d  R o ck lan d , 
1954
U nderw ood an d  R o ck lan d , 
1954
K eto a c id s  (as  th e  
2 ,4 -d in itro p h e n y l-  
h y d raz o n es)
E th a n o l, 25% a q u eo u s  
am m onia , w a te r  
(7 :1:2  v /v )
n -B u ta n o l, e th a n o l ,
0 .5  N am m onium  
h yd rox ide  (7 :1 :2  v /v )
T ru te r , 1963
El H aw ary  and  T om pson , 
1953
t-A m yl a lc o h o l ,  e th a n o l,  A ltm ann , C ro o k , and  
w a te r  (5 :1 :4  v /v )  D a t ta ,  1951
K etones (as  th e  
2 , 4 -d in itro p h e n y l-  
h y d razo n es)
E th a n o l, p e tro leu m  
e th e r  (4:1 v /v )
E th y le th e r , p e tro leum  
e th e r  (5:95 v /v )
n -H e p ta n e , m ethano l 
(96:4 v /v )
R ic e , K e lle r , and
K irch n er, 1951
G a d d is  an d  E l l i s ,  
1958
iso-A m y 1 a lc o h o l ,
0 .2 5  N am m onium  
h y d rox ide  (20:1 v /v )
D a n c is ,  H u tz le r , and  
L e v itz , 1963
H e x a n e , b e n z e n e , 
e th y le th e r  
(48 :48 :4  v /v )
B ordet an d  M ic h e l, 
1963
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am ino  a c id s  w a s  h a s te n e d  by h e a tin g  a t  90 C  fo r 5 to  IS m in u te s .
2 ,4 -D in itro p h e n y lh y d ra z o n e  d e r iv a tiv e s  w e re  o b se rv e d  u n d e r u ltra v io le t  
l i g h t .
G a s  ch ro m ato g rap h ic  a n a ly s is  of e x p e r im e n ta l re a c t io n  m ix tu res 
w a s  perform ed by H erm an C onrad  of M ic ro -T ek  In s tru m e n ts , I n c . ,
B aton R ouge . A cetone  w a s  q u a li ta t iv e ly  d e m o n s tra te d  u s in g  a  M icro -T ek  
G C -2500R  g a s  ch rom atograph  e q u ip p e d  w ith  a d u a l hy d ro g en  flam e ty p e  
d e te c to r .  The colum n (6* x  1 / 8 " ( s t a in l e s s  s te e l)  w a s  p a ck e d  w ith  10 
p e r  c e n t  C arb o w ax  1000 on  8 0 /1 0 0  C hrom port XXX. O ther d e ta i l s  w ere  
d e te c to r  te m p e ra tu re , 225 C ,  co lum n te m p e ra tu re , 52 C , in le t  te m p e ra ­
tu r e ,  200 C ,  c a rr ie r  g a s  helium , p re s  s u r e ,  40 p s ig ,  flow  r a t e ,  40 c c /m ln .
C olum n ch rom atog raphy  w a s  c a r r ie d  ou t w ith  d e x tra n  g e ls  (Sephadex) 
a c c o rd in g  to  th e  g e n e ra l  m ethods o u tlin e d  by  F o lln  (1962) an d  b rie f ly  
sum m arized  in  th e  b o o k le t,S e p h a d e x  in  G e l F il tra t io n :  Theory an d  
E xperim en ta l T ech n iq u e  (1963). A R e se a rc h  S p e c ia l t ie s  C o . (B erke ley , 
C a lifo rn ia )  f ra c tio n  c o lle c to r  w a s  u se d  in  c o n n e c tio n  w ith  th e s e  s t u d i e s .
D e te rm in a tio n  of p h y s ic a l  c h a r a c te r i s t ic s  o f th e  enzym e 
2 - jn e th v la la n ln e  d e c a rb o x y la se  . E xperim en ts to  d e te rm in e  th e  
s ta b i l i ty  of th e  2 -m e th y la la n in e  d e c a rb o x y la tin g  enzym e du ring  th e  
c o u rs e  o f d ia ly s i s  w e re  c a rr ie d  out in  v a rio u s  b u f f e r s , a t  4 C , in  
c e l lu lo s e  d ia ly z e r  tu b in g . R ou tinely  700 to  900 v o lu m es of b u ffe r w e re  
em p lo y ed , b u ffe r b e in g  c h an g e d  a s  in d ic a te d .  M ixing of th e  b u ffe r 
during  d ia ly s i s  w a s  p ro v id ed  by m e c h a n ic a l s t i r r in g .
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H e a t in a c t iv a t io n  e x p e r im e n ts  w e re  perfo rm ed  u s in g  w a te r  b a th s  
p la c e d  on  to p  o f  h o t - p la te - s t i r r e r s  (T h e rm -o -m ix , P re c is io n  S c ie n t i f ic ,  
C h ic a g o , I l l i n o i s ) .  T he d if fe re n t th e rm o m e te rs  u s e d  w e re  un ifo rm ly  
*1 C a t  35 C .
D e n s ity  g ra d ie n t  a n a ly s i s  w a s  pe rfo rm ed  a c c o rd in g  to  th e  m ethod  
o f M a rtin  a n d  Am es (1 9 6 1 ). A ll m a n ip u la tio n s  w e re  c a r r ie d  ou t a t  4 C .  
L in ear 5 to  20 p e r  c e n t  s u c ro s e  (w /v ) g ra d ie n ts  w e re  c o n s tru c te d  em ­
p lo y in g  a  B u ch le r d e n s i ty  g ra d ie n t  m aker (B uchler I n s t ru m e n ts , I n c . ,
Fort L ee , New  J e r s e y ) . C e n tr ifu g a tio n  w a s  c a r r ie d  ou t u s in g  a  S p in c o  
M odel L -2  U ltra c e n tr ifu g e  in  a  S W -39  sw in g in g  b u c k e t ro to r  (B eckm an 
In s tru m e n ts , I n c . , P a lo  A lto , C a li fo rn ia ) .  The c o n te n ts  o f th e  lu s te ro id  
tu b e s  w e re  f ra c t lo n e d  by p u n ch in g  a  h o le  in  th e  bo ttom  o f e a c h  tu b e  and  
m an u a lly  c o l le c t in g  d ro p s .  T he s e d im e n ta tio n  c o n s ta n t  a n d  m o le c u la r  
w e ig h t o f 2 -m e th y la la n in e  d e c a rb o x y la s e  w e re  e s t im a te d  u s in g  th e  ro to r 
d im e n s io n s  an d  fo rm ula  re p o r te d  by  M a rtin  an d  Ames (1 9 6 1 ), an d  th e  
enzym e c a t a l a s e  a s  a n  in te rn a l  s ta n d a rd .
Enzvm e p u r i f ic a t io n . The p u r if ic a t io n  of th e  b a c te r ia l  enzym e or 
e n zy m es  r e s p o n s ib le  for th e  d e c a rb o x y la tio n  of 2 -m e th y la la n in e  w a s  
a tte m p te d  fo llo w in g  v a r ia t io n s  a ro u n d  th e  g e n e ra l  sc h e m e  sh o w n  b e lo w :
1. P re p a ra tio n  of th e  c e l lu la r  e x tra c t  (a s  d e s c r ib e d  in  th is  s e c t io n ) .
2 . H igh s p e e d  c e n tr ifu g a tio n .
3 .  T rea tm en t w ith  p ro tam in e  s u l f a te .
4 .  H e a t t r e a tm e n t .
5 .  Ammonium s u lfa te  f ra c tio n a tio n  (G reen  and  H u g h e s , 1955).
A m ore c o m p le te  d e s c r ip t io n  o f th e  p u r if ic a tio n  p ro to co l w il l  b e  g iv e n  in  
th e  R e su lts  s e c t io n .
RESULTS
Is o la t io n  a n d  Id e n tif ic a t io n  of th e  e x p e rim e n ta l o rg an ism
A num ber o f c u ltu re s  c a p a b le  of grow ing a t  th e  e x p e n s e  of 2 -m e th y l­
a la n in e  w e re  i s o la te d  by e n ric h m e n t te c h n iq u e  from s o i l .  A lthough none 
of th e  i s o l a t e s  g rew  r a p id ly , th e  o rg an ism  u s e d  for th is  s tu d y  w a s  
c h o s e n  b e c a u s e  o f i t s  r e la t iv e ly  ab u n d an t g row th  on  th e  i s o la t io n  
m edium . The b a c te riu m  w a s  a e ro b ic ,  a s p o ro g e n o u s , G ra m -n e g a tiv e , 
an d  n o n -m o tile . It m ea su re d  0 .8  to  1 .1  by 1 .6  to  2 .3  m icrons w h en  
ex am in ed  w ith  th e  l ig h t m ic ro sc o p e , fo llow ing  m ounting  in  In d ia  in k .
The fo llo w in g  c u ltu ra l  an d  n u tr it io n a l c h a r a c te r i s t i c s  w ere  d e te r ­
m ined a f te r  in c u b a tio n  a t room te m p e ra tu re . G row th  o n  n u tr ie n t a g a r  
s la n ts  w as f ilifo rm , sm o o th , a n d b u ty r o u s .  In  n u tr ie n t b ro th , grow th  
w a s  h eav y  th ro u g h o u t th e  tu b e ,  w ith o u t fo rm ation  of a  p e l l ic le  o r s e d i ­
m en t. No p igm en t w a s  e v id e n t in  e i th e r  of th e  ab o v e  m ed ia . A b row n , 
n o n -d if fu s ib le  p igm ent w a s  p ro d u ced  w hen  th e  o rg an ism  w a s  c u ltu re d  
on  a  p o ta to  c o re .  O ther tax o n o m ic  b io c h e m ic a l re a c t io n s  a re  su m ­
m arized  in  T ab le  2 .
The b a c te riu m  d id  no t ferm ent any of th e  c a rb o h y d ra te s  t e s t e d ,  
a s  Judged  in  p h e n o l red  b ro th  b a s e . Lack of fe rm e n ta tiv e  a b il i ty  w a s  
a l s o  d e m o n s tra te d  u s in g  O x id a tio n /F e rm e n ta tio n  (O /F  m edium ; Hugh and 
L eif s o n ,  1953) m edium  o v e rla id  w ith  v a s e l in e .  The u s e  of O /F  m edium  
p e rm itte d  th e  d e m o n s tra tio n  of a n  o x id a tiv e  a t ta c k  o n  c a rb o h y d ra te s  by
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T ab le  2
T axonom ic b io c h e m ic a l r e a c t io n s  o f th e
e x p e rim e n ta l o rg an ism
T e s t r e a c t io n  ... ..... 3 d a v s
D e te rm in a tio n *
7 d a v s
N itra te  re d u c tio n -
In d o l p ro d u c tio n - -
A cety l m e th y lc a rb in o l p ro d u c tio n -
H ydrogen  s u lf id e  p ro d u c tio n - -
C i tr a te  u t i l iz a t io n - -
C a ta la s e  p ro d u c tio n +
O x id a se  p ro d u c tio n +
G e la t in  h y d ro ly s is - -b
F a t h y d ro ly s is - -
S ta rc h  h y d ro ly s is +
C e llu lo s e  h y d ro ly s is - _b
L itm us m ilk n . c . s i .  a ik .
G row th on  p a ra ff in - _b
G row th on  p o ta to s i . +
(brow n pig  m en
G row th o n  b lo o d  serum - -
(L o e ffle r 's )
*
S y m b o ls  an d  a b b re v ia t io n s :  + p o s i t iv e ,  -  n e g a t iv e ,  n . c .  no  c h a n g e , 
s i .  s l ig h t ,  a ik .  a lk a l in e .
^A lso n e g a tiv e  a f te r  14 d a y s .
3 3
th e  o rg a n is m . A ll c a rb o h y d ra te s  t e s t e d , e x c e p t l a c to s e ,  w e re  found  to  
b e  o x id iz e d *  C o n firm a tio n  of th e  r e s u l t s  o b ta in e d  withCV'F m edium  w a s  
a c c o m p lis h e d  w ith  c e l l s  o f th e  2 -m e th y la la n in e  i s o l a t e  g ro w n  in  n u tr ie n t  
b ro th  a n d  a s s a y e d  m a n o m e tr ic a lly  fo r  o x y g en  u p ta k e .  A ll c a rb o h y d ra te s  
t e s t e d ,  e x c e p t l a c t o s e ,  w e re  o x id iz e d  a t  s ig n if ic a n t  r a t e s .  E th an o l 
w a s  not o x id iz e d  by th e  o rg a n is m . A sum m ary o f th e s e  r e s u l t s  i s  p re ­
s e n te d  in  T ab le  3 .
W h en  th e  b a c te r iu m  w a s  c ti l tu re d  on  H y d ro g en  s u l f id e ,  In d o l, 
M o tili ty  (SIM) a g a r ,  M e th y l R e d -V o g e s -P ro sk a u e r  (MR-VP) a g a r ,  a n d  
T rip le  S u g ar Iron  (TSI) a g a r ,  r e s u l t s  r e f le c t in g  th o s e  sh o w n  in  T a b le s  2 
a n d  3 w e re  o b ta in e d .
O n th e  b a s i s  of t h e s e  o b s e rv a t io n s  th e  o rg a n ism  w a s  p la c e d  in  
th e  g e n u s  P seu d o m o n a s  (B reed e t  a l . , 1957). A ss ig n m e n t to  th is  
g e n u s  w a s  m ade a f te r  c a re fu l  c o n s id e ra t io n  of th e  p o s s ib i l i ty  o f p la c in g  
th e  o rg a n ism  in  o n e  o f th e  g e n e ra  of th e  o rd e r E u b a c te r ia le s . A lthough  
th e  o rg a n ism  la c k e d  bo th  m o tility  an d  p ig m e n ta tio n , w h ic h  a re  
c h a r a c te r i s t i c  o f p se u d o m o n a d s , i t s  fu n d am e n ta l p h y s io lo g y , e s ­
p e c ia l ly  i t s  a c t io n  o n  c a rb o h y d ra te s ,  a p p e a re d  to  be  s im ila r  to  th e  
m em bers o f th e  g e n u s  P s e u d o m o n a s . The c h a r a c te r i s t i c s  o f th e  
o rg a n ism  d id  no t f i t  an y  of th e  d e s c r ib e d  s p e c ie s  of P seu d o m o n a s  
c lo s e ly  en o u g h  to  p e rm it s p e c ia t io n .
D e v e lo p m en t o f m eth o d s fo r g ro w th  o f th e  e x p e r im e n ta l o rg a n ism  
In  o rd e r  to  d e te rm in e  th e  b e s t  m edium  for th e  g row th  o f th e
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T ab le  3
C a rb o h y d ra te  c a ta b o lism  o f th e  e x p e rim e n ta l o rg an ism
C a rb o h y d ra te
F erm en ta tio n *
(a c id /a a s ) Ovtf Medium** W arb u rac
G lu c o se - / - d +0e +
G a la c to s e - / - +0 +
F ru c to se - / - +0 +
M an n o se n .p . +0 +
S o rb o se n .p . n .p . +
R lbose n .p . +0 ♦
X ylose n .p . +0 +
A rab inose n .p . +0 n . p .
R ham nose n .p . +0 n .p .
S u c ro se - / - +0 +
L ac to se - / - n . c . -
M a lto se - / - +0
»
+
M e lib io se n .p . n . c . n . p .
C e llo b io s e n . p . +0 n .p .
T re h a lo se n .p . +0 n . p .
G ly c e ro l - / - n . p . n . p .
E thanol n .p . n .p . -
a D eterm ined  in  p h en o l red  b ro th  b a s e  during  7 d a y s  in c u b a tio n . 
^ O x id a tio n /F e rm e n ta tio n  M edium , d e te rm in e d  du ring  7 d a y s  in c u b a tio n  
(Hugh an d  L eif s o n , 1953). 
c O xygen  u p tak e  m easu red  in  th e  W arburg a p p a ra tu s  u s in g  s ta n d a rd  
te c h n iq u e ,  c e l l s  grow n in  n u tr ie n t b ro th .
^Sym bols an d  a b b re v ia tio n s :  + p o s i t iv e ,  -  n e g a t iv e ,  +0 p o s i t iv e  
o x id a tio n  t e s t , n . c ,  no c h a n g e , n . p .  no t perfo rm ed . 
e F e rm en ta tiv e  a t ta c k  not o b s e rv e d .
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o rg an ism  sh a k e  f la s k  e x p e rim e n ts  w e re  perform ed in  w h ic h  th e  c o m p o s i­
t io n  of th e  m edium  w a s  v a r ie d . The b a s a l  s a l t s  m edium  o f S ta n ie r  (1947) 
w a s  u se d  th ro u g h o u t. The e f fe c ts  o f v a ry in g  th e  le v e l  o f 2 -m e th y la la n in e  
an d  th e  a d d itio n  of su p p le m e n ta l so u rc e s  of n itro g e n  in to  th e  g row th  
m edium  a re  show n  in  T ab le  4 . The m ost m e ta b o lic a lly  a c t iv e  c e l l s , in  
te rm s of th e i r  a b il i ty  to  o x id iz e  2 -m e th y la la n in e , a s  m easu red  in  th e  
W arburg  a p p a ra tu s ,  w e re  o b ta in e d  from a g row th  m edium  c o n s is t in g  of 
0 .5  p e r c e n t  2 -m e th y la la n in e  w ith  no su p p le m e n ts . A dd ition  of 0 .0 0 5  
p e r c e n t  y e a s t  e x tra c t  to  m edia c o n ta in in g  0 .2  p e r c e n t 2 -m e th y la la n in e , 
a lth o u g h  d e c re a s in g  th e  s p e c if ic  a c t iv i ty  of th e  c e l ls  by ab o u t 28 per 
c e n t ,  In c re a s e d  th e  g row th  of th e  b a c te riu m  2 . 7 - fo ld .  H igher le v e ls  of 
y e a s t  e x tra c t  m arked ly  d e c re a s e d  th e  a b il i ty  o f th e  o rgan ism  to  o x id iz e  
2 - m e th y la la n in e . The in c lu s io n  of 0 .5  per c e n t p e p to n e  in to  th e  grow th  
m edium , e i th e r  in  th e  p re s e n c e  or th e  a b s e n c e  of 2 -m e th y la la n in e , 
p ro d u ced  c e l l s  w h ich  w ou ld  no t o x id iz e  2 -m e th y la la n in e .
The e f fe c ts  of th e  a d d itio n  of su p p le m e n ta l s o u rc e s  of ca rb o n  
in to  th e  grow th  m edium  on th e  c a p a c i ty  of th e  o rg an ism  to  o x id iz e  
2 -m e th y la la n in e  a re  show n in  T ab le  5 . The r e s u l ts  of th is  sh a k e  f la sk  
ex p erim en t c a n  not be d ire c tly  com pared  w ith  th o s e  show n in  T ab le  4; 
h o w e v e r, th e  r e la t iv e  d if fe re n c e s  a re  im p o rta n t. I t i s  c le a r  th a t  th e  
in c lu s io n  of 0 .0 1  per c e n t of sodium  a c e ta te  s tim u la te d  g row th  a p p re ­
c ia b ly  bu t d id  not g re a tly  d e c re a s e  th e  o x id a tiv e  a c t iv i ty  of th e  c e l l s  
to w ard  2 -m e th y la la n in e . A g row th  m edium  w a s  fo rm u la ted  by com bin ing  
th e  b e s t  su p p le m e n ts  a s  d e d u ce d  from r e s u l t s  show n  in  T a b le s  4 an d  5 .
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T ab le  4
E ffect of v a r io u s  le v e ls  of 2 -‘m e th y la la n in e  an d  th e  a d d itio n  of 
su p p le m e n ta l s o u rc e s  o f n itro g e n  an d  c a rb o n  on  th e  g row th  and  
m e ta b o lic  a c t iv i ty  of th e  e x p e rim e n ta l o rg an ism
_____________ C u ltu re  c h a r a c te r i s t ic s ___________
Turbidity*3 A  pHc A b ility  to  o x id iz e
A ddition*___________  48 h r 72 hr___________________ 2-M Ad
N one 0 .0 3 5 0 .0 2 5 - 0 .1 ------
0.1%  2-MA® 0 .0 5 0 0 .0 9 5 + 0 .4 5 .7
0.2%  2-M A 0 .0 4 0 0 .1 1 5 + 0 .3 5 .4
0.5%  2-MA 0 .0 3 5 0 .1 2 5 + 0 .3 7 .5
0.2%  2-M A p lu s  0 .005%  
y e a s t  e x tra c t 0 .1 2 5 0 .3 3 5 + 0 .6 5 .4
0.2%  2-M A p lu s  0.01%  
y e a s t  e x tra c t 0 .1 7 3 0 .3 3 5 + 0 .8 2 .7
0.2%  2-MA p lu s  0 .025%  
y e a s t  e x tra c t 0 .2 7 5 0 .3 5 5 + 0 .9 2 .0
0.2%  2-M A p lu s  0.5%  
p e p to n e 1 ,2 0 0 + 1 .3 0 .3
0.5%  p e p to n e 1 .2 0 0 + 1 .3 0 .0
0.2%  2-M Af 0 .0 4 0 0 .1 1 0 + 0 .6 4 .4
0.2%  2-MA p lu s  0.01%  
y e a s t  ex trac t* 0 .1 9 5 0 .3 5 5 + 1 .0 3 .7
aA dded to  b a s a l  s a l t s  (S ta b le r , 1947) .
^ M e a su re d  a t  600 m u. 
c In i t ia l  pH 7 .1 .rl“ M e a su re d  in  te rm s of p m o le s  of oxygen  u p ta k e  per hour pe r 0 .5  ml of 
c e l l s  a d ju s te d  to  a n  a b so rb a n c y  of 0 .3 0  a t  600 nyj. 
e 2-M A is  2 -m e th y la la n in e .
*2-M e th y la la n in e  a s  th e  o n ly  a d d e d  n itro g e n  s o u rc e .
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T ab le  5
E ffec t o f th e  a d d itio n  of su p p le m e n ta l s o u rc e s  o f c a rb o n  on  th e  
g ro w th  an d  m e ta b o lic  a c t iv i ty  o f th e  e x p e rim e n ta l o rg an ism
C u ltu re  c h a r a c te r i s t ic s
A d d itio n 8
T u rb id ity b  
48 h r
A p H C A bility  to  o x id iz e  
2-M Ad
N one 0 .0 3 0 0 .0
©.2% 2-M Ae 0 .0 7 5 + 0 .3 6 .1
0.2%  2-M A p lu s  0 .01%  
sod ium  a c e ta te 0 .2 0 0 + 0 .5 5 .6
0 .2%  2-M A  p lu s  0 .05%  
sod ium  a c e ta te 0 .3 5 5 + 0 .7 4 .9
0 .2%  2-M A p lu s  0 .07%  
sod ium  a c e ta te 0 .3 2 0 + 0 .7 2 .4
0 .2%  2-M A p lu s  0 .01%  
sodium  fo rm ate 0 .0 7 0 + 0 .1 1 .3
0.2%  2-M A p lu s  0 .02%  
g lu c o s e 0 .3 6 0 + 0 .3 3 .5
a , b , c , d , e  id e n t ic a l  to  th o s e  d e s c r ib e d  In  T ab le  4 .
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T hat l a ,  y e a s t  e x tra c t  an d  sod ium  a c e ta te ,  e a c h  a t  a  c o n c e n tra tio n  o f 
0 .0 0 5  p e r  c e n t ,  w h en  ad d ed  to  0 .2  p e r  c e n t 2 -m e th y la la n ln e  in  th e  
b a s a l  s a l t s  s o lu tio n  w e re  found  to  p erm it a b u n d an t grow th  o f b a c te r ia  
w h ich  w e re  a b le  to  ra p id ly  o x id iz e  2 -m e th y la la n in e .
A d d itio n a l sh a k e  f la s k  e x p e rim e n ts  in d ic a te d  th a t  a d ju s tin g  th e  
in i t i a l  pH o f th e  grow th m edium  to  7 .0  to  7 .2  g a v e  th e  b e s t  grow th  o f 
c e l l s  w h ic h  p o s s e s s e d  th e  g r e a te s t  a c t iv i ty  on  2 -m e th y la la n in e . A 
s im ila r  e x p e rim e n t sh o w ed  th a t  w h ile  g row th  d id  no t a t ta in  i t s  maximum 
p o in t u n til  72 h o u rs  a f te r  in o c u la t io n , h a rv e s te d  c e l ls  re a c h e d  th e ir  
maximum a b il i ty  to  o x id iz e  2 -m e th y la la n in e  a s  e a r ly  a s  20 h o u rs  a f te r  
in o c u la t io n .
D e m o n s tra tio n  of th e  o x id a tio n  of 2 -m e th v la la n in e  bv w h o le  c e l ls
W h en  s u s p e n s io n s  of w a sh e d  w h o le  c e l l s  of th e  b a c te riu m  w ere  
in c u b a te d  w ith  lim itin g  q u a n ti t ie s  of 2 -m e th y la la n in e  in  a W arburg  
a p p a ra tu s ,  ox y g en  u p tak e  w a s  found  to  b e  60 to  65 per c e n t  o f th e  
th e o r e t ic a l  v a lu e .  T h ese  d a ta  (F ig . 3) in d ic a te  th e  a b il i ty  o f th e  
o rg an ism  to  c o m p le te ly  o x id iz e  th e  am ino a c id .  O x id a tiv e  a s s im ila t io n  
may a c c o u n t fo r th e  d is c re p a n c y  b e tw e e n  th e  e x p e rim e n ta l r e s u l ts  an d  
th e  th e o r e t ic a l  o x y g en  u t i l i z a t io n .  A dd ition  of 2 ,4 -d in itro p h e n o l  a t  a  
c o n c e n tra tio n  of 10“^ M in c re a s e d  th e  o x y g en  u p ta k e  to  ap p ro x im a te ly  
75 p e r c e n t  of th e o r e t ic a l .  The optim um  pH for th e  o x id a tio n  of 2 -  
m e th y la la n in e  by w h o le  c e l l s  w a s  b e tw e e n  7 .0  and  7 . 5 ,  w ith  no sh a rp  
p eak  d is c e r n a b le .
F ig u re  3 . O x id a tio n  of 2 - m e th y la la n in e . E ach W arbu rg  v e s s e l  
c o n ta in e d  1 5 .0  mg (dry w e ig h t)  o f c e l l s ;  0 .5  ml o f 
0 .0 6 7  M p h o sp h a te  b u ffe r (pH 7 .0 ) ;  1 jitno le  ( O ) ,
2 um o le  ( • ) ,  o r no (A )  2 -m e th y la la n in e ;  0 .2  ml of 
KOH in  th e  c e n te r  w e ll;  an d  d i s t i l l e d  w a te r  to  a f in a l  
vo lum e of 3 .0  m l.
ao
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D e m o n s t r a t io n  o f  th e  o x id a t io n  o f  I n t e r m e d ia t e s  I n  t h e  d i s s i m i l a t i o n  
o f  2 - m e th v l a l a n in e  a n d  t h e  a d a p t iv e  n a tu r e  o f  th e  s y s t e m
T he a b i l i ty  o f  th e  o rg a n ism  to  o x id iz e  2 -m e th y la la n in e  i s  a d a p t iv e .  
W h en  c u l t iv a te d  on  a  m edium  c o n ta in in g  g lu c o s e  o r  p e p to n e  (T ab les  4 
an d  5 ) , o r b o th ,  th e  a b i l i ty  o f th e  b a c te r iu m  to  o x id iz e  2 -m e th y la la n in e  
w a s  lo s t  o r g re a t ly  d e p re s s e d ;  th i s  e f f e c t  w a s  n o tic e d  e v e n  i f  th e  in d u c e r  
w a s  in c o rp o ra te d  in to  th e  m e d ia . H o w ev e r, i t  w a s  o b se rv e d  th a t  c e l l s  
g row n  on  m edium  c o n ta in in g  g lu c o s e  o r is o b u ty r ic  a c id  a s  a  s o le  so u rc e  
of c a rb o n  w o u ld  a d a p t to  2 -m e th y la la n in e .  T h is w a s  a c c o m p lis h e d  by  
sh a k in g  a  h e av y  s u s p e n s io n  o f g lu c o s e -  o r is o b u ty ra te -g ro y m  c e l l s  in  
th e  p re s e n c e  o f 2 -m e th y la la n in e  fo r a n  a p p ro p r ia te  p e rio d  of t im e .
The r e s u l t s  sh o w n  in  T ab le  6 i l lu s t r a te  th e  a d a p t iv e  n a tu re  o f 
2 -m e th y la la n in e  d is s im i la t io n  by th i s  o rg a n is m . W h en  th e  o rg an ism  w a s  
g row n on  a  m edium  c o n ta in in g  2 -m e th y la la n in e  a s  a  s o le  s o u rc e  of 
c a rb o n , v e ry  a c t iv e  c e l l s  w e re  o b ta in e d ; h o w e v e r , g row th  w a s  s p a r s e .  
In c lu s io n  of a  t r a c e  am ount of sod ium  a c e ta te  m arked ly  s t im u la te d  
grow th  a n d  p ro d u ce d  c e l l s  a c t iv e  to w ard  2 -m e th y la la n in e  (s e e  a ls o
T ab le  5 ) . A c e ta te -g ro w n  c e l l s  o x id iz e d  2 -m e th y la la n in e  v e ry  s lo w ly .
T ab le  6 a l s o  p re s e n ts  d a ta  c o n c e rn in g  th e  a b i l i ty  o f  r e s t in g  c e l l s  
to  o x id iz e  p o s s ib le  in te rm e d ia te s  in  th e  d is s im i la t io n  of 2 -m e th y l-  
a la n in e .  T h e se  co m pounds w e re  c h o s e n  a s  p o s s ib le  in te rm e d ia te s  
a f te r  a  c o n s id e ra t io n  of th e  f e a s ib le  p a th w a y s  by w h ic h  th e  2 -m e th y l-  
a la n in e  m o le cu le  m ight b e  a t ta c k e d  (F ig . 1). The r a te  a t  w h ich  
a c e to n e  w a s  o x id iz e d  by  th e  c e l l s  g row n o n  2 -m e th y la la n in e  s u g g e s te d
41
T ab le  6
O x id a tio n  of 2 -m e th y la la n in e  an d  p o s s ib le  in te rm e d ia te s  in  th e  
d is s im ila t io n  of 2 -m e th y la la n in e  by w h o le  c e l l s  grow n on
d iffe re n t m ed ia9
S u b s tra te 1
G row th m ed ia1* 
2 3
2 -M e th y la la n in e 1 8 .3 ° 1 7 .6 2 .3
Iso p ro p y lam in e 1 .3 2 .7 2 .0
A cetone 2 3 .2 2 3 .4 1 .9
Iso b u ty ra te 5 .0 4 .0 4 .3
2 -H y d ro x y iso b u ty ra te not done 2 .3 1 .9
M e th a c ry la te not done 3 .7 9 .1
2 -M e th y ls e r in e 7 .2 5 .9 1 .9
E ndogenous 1 .2 2 .0 * 1 .8
aC o n d itio n s  id e n t ic a l  to  th o s e  d e s c r ib e d  in  F igure  3 , e x c e p t th a t  th e  
s u b s tr a te  c o n c e n tra tio n  w a s  12 .5  |im o le s .
^G row th  m edia c o n ta in e d  b a s a l  s a l t s  p lu s  (1) 0 .2%  2 -m e th y la la n in e , 
(2) 0 .2%  2 -m e th y la la n in e  p lu s  0.00S% sodium  a c e ta te ,  (3) 0 .2%  
sodium  a c e ta te .
c F ig u re s  in d ic a te  oxygen  u p ta k e  e x p re s s e d  a s  |im o le s  per h o u r.
th a t  th i s  com pound w a s  an  in te rm e d ia te .  H o w e v e r , s in c e  iso p ro p y lam in e  
w a s  not o x id iz e d , d i re c t  d e c a rb o x y la t io n  of 2 -m e th y la la n in e  to  i s o p r o ­
py lam ine  d id  no t se em  l i k e l y . It a l s o  a p p e a re d  u n lik e ly  th a t  a  r e d u c t iv e  
or d e s a tu r a t iv e  d e a m in a t io n  w a s  o p e r a t iv e ,  s in c e  i so b u ty r ic  a c id  and  
m e th ac ry l ic  a c id  w e re  o x id iz e d  to  an  e q u a l  o r  g re a te r  e x te n t  by n on ­
a d a p te d  c e l l s  th a n  by a d a p te d  c e l l s .  The fa c t  th a t  2 -h y d ro x y iso b u ty r lc  
a c id  w a s  very  s lo w ly  o x id iz e d  by a d a p te d  c e l l s  se em e d  to  e x c lu d e  th is  
com pound a s  a n  in te rm e d ia te .  2 -M e th y ls e r in e  cou ld  be  a n  in te rm e d ia te  
if  o x id a t iv e  a t t a c k  w e re  to  o c cu r  on a m ethyl g roup of 2 -m e th y la la n in e .  
Although a  pa thw ay  through 2 -m e th y ls e r in e  co u ld  not be d is c o u n te d  a t  
th i s  p o in t ,  t h e s e  d a ta  (Table 6) in d ic a te d  th a t  a c e to n e  w a s  an  in te r ­
m ed ia te  in  th e  c a ta b o l i s m  of 2 -m e th y la la n in e .  M oreover ,  s in c e  i s o ­
p ropy lam ine  w a s  not o x id iz e d ,  th e  c o n v e rs io n  of 2 -m e th y la la n in e  to  
a c e to n e  a p p e a re d  to  p ro ce ed  by w ay  of a d e c a rb o x y la t io n  d ep en d en t  
t ra n s a m in a t io n  (F ig . 1, pa thw ay  2 ) .
The s p e c i f i c i ty  of th e  2 -m e th y la la n in e  o x id iz ing  enzym e sy s te m  
w a s  d e te rm in ed  by u t i l iz in g  d if fe ren t  2 -m e th y l  am ino a c id s  a s  s u b ­
s t r a t e s .  The ra te  at w h ich  w ho le  c e l l s  grown on 2 -m e th y la la n in e  
medium o x id iz e d  th e  am ino a c id s  i s  show n in  F igure  4 .  I so v a l in e  
(D L -2 -m e th y l-2 -a m in o b u ty r ic  a c id ) ,  a  homolog of 2 -m e th y la la n in e ,  
w a s  o x id iz e d  a t  a  ra te  e q u a l  to  th a t  of 2 -m e th y la la n in e .  It i s  o b v iou s  
th a t  th e  c h e m ic a l  c h a r a c te r  of th e  am ino a c id  re s id u e  or s id e  c h a in  is  
of c o n s id e r a b le  im p o r ta n c e ,  s in c e  th e  o rg a n is m 's  a b i l i ty  to  o x id iz e
Figure  4 .  O x id a t io n  of 2 -m e th y l  am ino  a c id s  by w h o le  c e l l s .  Each 
W arburg  v e s s e l  c o n ta in e d  2 5 .0  mg (dry w e ig h t)  of c e l l s ,  
0 .5  ml of 0 .0 6 7  M p h o s p h a te  b u ffe r  (pH 7 . 5 ) ,  12 .5  p m o les  
of s u b s t r a t e ,  0 .2  ml of 20% KOH in  th e  c e n te r  w e l l ,  a n d  
d i s t i l l e d  w a te r  to  a to ta l  vo lum e of 3 . 0  m l. S y m b o ls :  2 -  
m e th y la la n in e  ( O ) ,  i s o v a l in e  ( • ) ,  2 - m e th y ls e r in e  ( A ) .  
2 -m e th y lm e th io n in e  (▲ ), 2 -m e th y lg lu ta m ic  a c id  ( □ ) .
All d a ta  m inus e n d o g e n o u s  a c t i v i t y ,  w h ic h  w a s  1 .6  jjm oles 
a f te r  90 m in .
OXYGEN UPTAKE (jm o to s)
th e  d if fe ren t  2 -m e th y l  am ino a c id s  d e c r e a s e d  a s  th e  c h a r a c te r  of th e
re s id u e  c h a n g e d  from th a t  of a  h y d ro ca rb o n , to  a  h y d rox ym ethy l, to  a
th io e th e r ,  to  an  a c id .  In an  ex perim en t in  w h ic h  l im itin g  am oun ts  of
D - ,  L - ,  and  D L -isovali;ne  w ere  in c u b a te d  w ith  w h o le  c e l l s  grow n on
2 -m e th y la la n in e ,  o x id a t io n  of bo th  iso m e rs  w a s  o b se rv e d  (Table 7 ) .
D L -Iso v a lin e  w a s  r e s o lv e d  by th e  m ethod of Baker e t  a l .  (1952) and
Baker and  S ob er  (1953). This w a s  a c c o m p l ish e d  by th e  fo rm ation  o f th e
N -c h lo ro a c e ty l  d e r iv a t iv e  of D L - iso v a l in e  a n d  s u b s e q u e n t  s p e c i f i c
h y d ro ly s is  by th e  e n z y m e , a c y l a s e  I .  Free  L - is o v a l in e  w a s  s e p a r a te d
from N - c h lo r o a c e ty l - D - i s o v a l in e  on a  D ow ex 50 ion  e x c h a n g e  c o lu m n .
— -2 5The o p t ic a l  ro ta t io n  for th e  i s o l a t e d  i so m e rs  w a s :  <*£_/ D - 1 0 .1 1 ,
an d  L - is o v a l in e  Z . " ^ 7 25D + 1 0 .25 i/aC _72SD - 1 1 .2 8 ,  an d  ^ c J T 2 5D + l l . 13, 
r e s p e c t iv e ly ,  Baker e t a i . ,  1952).
D e m o n s tra t io n  of th e  d e c a rb o x y la t io n  o f 2 -m e th v la la n in e  bv c e l lu la r  
e x t r a c t s
C e l l  p e rm e a b i l i ty  b a r r ie rs  c o u ld  e x p la in  th e  in a b i l i ty  of th e  
o rgan ism  to  o x id iz e  p o s s ib le  in te r m e d ia te s ,  su c h  a s  iso p ro p y lam in e ;  
th e re fo re ,  c e l lu la r  e x t r a c t s  w e re  p rep a red  from c e l l s  grow n in 2 -m e th y l ­
a la n in e  m edium . Iso p ro p y lam in e  w a s  not o x id iz e d  by c e l lu la r  e x t r a c t s  
p rep a red  by a  v a r ie ty  o f  m ethods (alum ina g r in d in g ,  F rench  p re s s u re
c e l l  t r e a tm e n t ,  s o n ic a t io n ) .  . L ik e w ise ,  in i t i a l  a t te m p ts  w ith  c e l lu la r
*
e x t r a c t s  f a i le d  to  d e m o n s tra te  s ig n i f ic a n t  c a rb o n  d io x id e  p ro d u c tio n  
under a e ro b ic  or a n a e ro b ic  c o n d i t i o n s . It had  b e e n  o b s e rv e d  th a t  w ho le
Table  7
O xida tion  of D - ,  L - ,  an d  D L -iso v a l in e  by w hole  c e l l s 3
Endogenous D -iso m er L -isom er DL-m ixture
^tmoles o f oxygen tak e n  
up in  120 min 15 .3 2 3 .5 2 4 .6 2 4 .8
M inus endogenous oxygen 
up tak e -------- 8 .2 9 .3 9 .5
Per c e n t  o f th e o re t ic a l -------- 6 8 .0 7 7 .0 7 9 .0
aC o n d itio n s  id e n t ic a l  to  th o se  d e sc r ib e d  in  Figure 3 ,  e x ce p t  th a t  2 . 0 yimoles o f  
D - ,  L - ,  or D L -iso v a l in e  w ere  added a s  s u b s t r a te .
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c e l l s  co u ld  p rodu ce  c a rb o n  d io x id e  w h en  In c u b a te d  w ith  2 -m e th y la la n in e  
In  a n  a e ro b ic  a tm o s p h e r e . No c a rb o n  d io x id e  w a s  p ro d u ce d  w h en  w h o le  
c e l l s  w e re  p la c e d  under a  n i tro g e n  a tm o s p h e re .
If a  d e c a rb o x y la t io n  d e p e n d e n t  t r a n s a m in a t io n  (F ig . 1, p a th w ay  2) 
w a s  o p e r a t iv e ,  a s  th e  f i r s t  s te p  in  th e  c a ta b o l i s m  of 2 - m e th y la la n in e ,  a  
m ethod  for r e g e n e ra t io n  o f  p y r ld o x a l  p h o sp h a te  sh o u ld  a llow  a c t iv i ty  by 
c e l lu la r  e x t r a c t s  (15 to  28 m g /m l) .  E xperim en ta l d a ta  o b ta in e d  w hen  
c ru d e  c e l lu la r  e x t r a c t s  p re p a re d  by s o n lc a t io n  (at 4 C) w e re  In c u b a te d  
in  th e  p re s e n c e  of 2 - m e th y la la n ln e ,  p y r id o x a l  p h o s p h a te ,  an d  p y ru v a te ,  
a re  show n  in  T ab le  8 .  A d e p e n d e n c e  on p y rld o x a l  p h o sp h a te  w a s  o b se rv e d  
in  d ia ly z e d  c e l lu la r  e x t r a c t s .  M o reo v er ,  th e  in c lu s io n  of a  k e to  a c id  w a s  
an  a b s o lu te  re q u ire m e n t .  T ab le  8 a l s o  i n d ic a t e s  th a t  d i a l y s i s  (a g a in s t  
5 x  10‘ 5 M p h o sp h a te  b u f fe r ,  pH 7 . 0 ,  for 12 hours) s t im u la te d  th e  
s y s te m .  In sum m ary , th e  d a ta  re p o r te d  in  T ab le  8 show  th a t  an  a c t iv e  
2 -m e th y la la n in e  d e c a rb o x y la t in g  sy s te m  c a n  be  d e m o n s tra te d ,  p rov id ing  
a k e to  a c id  was p resen t. It i s  a l s o  e v id e n t  th a t  p y rid o x a l p h o s p h a te  w a s  th e  
c o e n z y m e , s in c e  c a rb o n  d io x id e  p rod uced  in  th e  d ia ly z e d  p re p a ra t io n  
m inus p y rid o x a l p h o sp h a te  was one ha lf  th a t  of th e  u n d ia ly z e d  p re p a ra t io n .  
Further e v id e n c e  for th e  ro le  of p y r id o x a l p h o sp h a te  a s  co en zy m e  is  
sh ow n  by th e  p ro d u c tio n  of 6 t im e s  a s  much ca rb on  d io x id e  by th e  com ­
p le te  d ia ly z e d  s y s te m  w h e n  com pared  to  th e  d ia ly z e d  s y s te m  w ith o u t  
a d d e d  p y rid o x a l  p h o s p h a te .  P y ruv a te  a p p a re n t ly  pe rm its  th e  r e g e n e ra ­
t io n  of p y rid oxa l p h o sp h a te  from pyridoxam ine  p h o s p h a te .  A pparen tly
47
T able  8
C a rb o n  d io x id e  p ro d u c tio n  by c e l lu la r  e x t r a c t s
Svetem®
Experim ent C o m p le te
M inus
p y r ld o x a l
p h o s p h a te
M inus
p v ru v a te
1. U n d ia ly z e d 2 . 7 b 2 .0 no t done
D ia ly z e d 5 .8 1 .0 not done
2 .  U n d ia ly z e d 0 .2 not done 0 .0
D ia ly z e d 2 .0 not done 0 .1
aC o m p le te  r e a c t io n  m ixture  c o n ta in e d  12 .5  ^im oles of 2 -m e th y la la n in e ,  
1 2 .5  j im o les  of sod ium  p y ru v a te ,  150 pg  of p y r id o x a l  p h o s p h a te ,  0 .5  ml 
o f 0 .0 6 7  M p h o sp h a te  bu ffe r  (pH 7 .0 ) ,  1 .0  ml of c e l lu la r  e x t r a c t ,  and 
d i s t i l l e d  w a te r  to  a  f in a l  volum e of 3*0 m l. The r e a c t io n  w a s  s to p p e d  
by th e  a d d it io n  of 0 .2  ml of 20% TCA an d  ca rb o n  d io x id e  m ea su re d  
m a n o m e tr ic a l ly . The experim en t w a s  c a r r ie d  out under a n i trog en  
a tm o s p h e r e .
^ F ig u re s  in d ic a te  am ount of c a rb o n  d io x id e  e x p re s s e d  in  m ic ro l i te rs  
p e r  m illig ram  of p ro te in  per  h o u r .
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d ia ly s i s  rem o ves  an  in h ib i to ry  f a c to r ,  p o s s ib ly  a  m eta l io n ,  s in c e  ca rb o n  
d io x id e  p ro d u c tio n  was greater in  th e  co m p le te  d ia ly z e d  s y s te m  th a n  in  th e  
c o m p le te  u n d ia ly z e d  s y s te m .  D ia ly s is  a t  4 C for 12 hours  w a s  ro u tin e ly  
u s e d  in  the  fo llow ing ex p er im e n ts  u n le s s  m en tioned  o th e rw is e .
The optimum pH (Fig . 5) for th e  d e c a rb o x y la t io n  o f  2 -m e th y la la n in e  
by th e  c e l lu la r  e x tra c t  w a s  found to  be  7 . 8 .  The c a rb o n  d io x id e  p roduced  
by th e  c e l lu la r  e x tra c t  a t  th e  op tim al pH r e p r e s e n ts  d e c a rb o x y la t io n  of 62 
per  c e n t  of th e  a d d ed  s u b s t r a t e .
The d a ta  show n in  F igure  4 a re  ap p a ren tly  not r e la te d  to  c e l lu la r  
pe rm eab il i ty  c h a r a c t e r i s t i c s ,  b e c a u s e  d a ta  p e r ta in in g  to  th e  d e c a rb o x y la se  
a c t iv i ty  o f c e l lu la r  e x t r a c t s  on th e  d if fe ren t  2 -m e th y l  am ino a c id s  show th e  
sam e r e l a t iv e  ra te s  (Table 9 ) . The r a te  of ca rb o n  d io x id e  p ro d u c tio n  from 
D L - iso v a l in e  was greater th a n  th a t  of 2 -m e th y la la n in e ,  s t ro n g ly  su g g e s t in g  
th a t  i s o v a l in e  v e s a r o r e  s u i ta b le  s u b s t r a t e .  In p re lim in a ry  ex perim en ts  
it w a s  a l s o  d e te rm in e d  th a t  L - is o v a l in e  w a s  d e c a rb o x y la te d  at a p p ro x i­
m ate ly  four t im e s  th e  ra te  oi D - i s o v a l in e .  The fa c t  th a t  c a rb o n  d iox ide  
w a s  p roduced  by c e l lu la r  e x t r a c t s  from four of th e  s ix  2 -m e th y l  amino
a c id s  t e s t e d  a s  s u b s t r a t e s  in d ic a te s  a la c k  of a b s o lu te  s p e c i f i c i t y .
« •
Thin la y e r  ch rom atography  of th e  c o n te n ts  of W arburg  v e s s e l s  
in  w h ich  d e c a rb o x y la t io n  of 2 -m e th y la la n in e  had  b e e n  d e m o n s tra te d  
re v e a le d  tw o p r in c ip a l  p ro d u c ts .  The p ro d u c tio n  of a la n in e  w a s  dem on­
s t r a te d  in  num erous so lv e n t  s y s te m s  s u i ta b le  for am ino a c id s  (Table 10); 
no iso p ro p y lam in e  w a s  d e te c te d .  Iso p ro p y lam in e  w a s  not d e te c te d ,
Figure  5 . Effect of pH on th e  d e c a rb o x y la t io n  of 2 -m e th y la la n in e  
by c e l lu la r  e x t r a c t s .  The r e a c t io n  m ixture  w a s  id e n t ic a l  
to  th a t  d e s c r ib e d  in  T able  8 ,  e x c e p t  th a t  1 .0  ml of 0 .2  M 
p h o s p h a te  buffer of th e  d e s i r e d  pH w a s  u s e d .  The 






T ab le  9
C o m p ar iso n  of th e  d e c a rb o x y la s e  a c t iv i ty  of c e l lu l a r  e x t r a c t s  and  
th e  o x id a t iv e  a c t iv i ty  o f w h o le  c e l l s  to w ard  2 -m e th y l  am ino  a c id s
S u b s t ra te
C a rb o n  d io x id e  
p rodu ced * O x v a en  u p ta k e 1’
2 -  M e th y la la n in e 2 .0 9 .9
I s o v a l in e 7 .0 10 .4
2 -M e th y ls e r in e 0 .9 3 .2
2 -M e th y  lm e th io n in e 0 .5 2 .5
2 -M e th y lg lu ta m a te 0 .0 0 .3
2 -M e th y  ld ih yd rox y  p h e n y la la n in e  0 .0 c
^Expressed a s  pm o les  CC> 2  per 120 min. Condit ions  ident ica l  to those  
descr ibed  in Table 8 ,  except  that phosphate buffer pH 7 . 8  w a s  u s e d .
^Expressed as  ^imoles oxygen  uptake per 90 min. Condit ions  ident ica l  
to th o se  described  in Figure 4 .
cA u to-ox id ized .
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T ab le  10 
Rf v a lu e s  of am ino  a c id s
Rf in  solvent®




A B A A
A lanine 0 .2 8 0 .1 2 0 .6 0 0 .2 1 0 .6 5 0 .6 7
A sp ar t ic  a c id 0 .1 2 0 .0 8 0 .1 2 --------------- 0 .5 6 0 .3 9
2 -M e th y la la n in e 0 .3 7 0 .1 9 0 .7 0 0 .2 5 0 .7 2 0 .7 2
I s o v a l in e 0 .5 0 0 .2 5 0 .8 0 0 .3 1 0 .7 7 0 .7 7
2 -M e th y ls e r in e 0 .2 6 0 .1 4 0 .5 3 0 .1 7 0 .6 6 0 .7 2
2 -M e th y lg lu ta m ic  a c id 0 .2 8 0 .1 7 0 .3 9 0 .0 8 0 .6 1 0 .5 1
2 -M e th y lm e th io n in e 0 .6 2 0 .3 3 0 .8 2 0 .3 8 0 .8 2 , 0 .7 8
2 -  M ethy ld ih y  droxy -  
p h e n y la la n in e 0 .3 9 -------- 0 .5 5 0 .2 5 0 .7 3 --------
Iso p ro p y lam in e 0 0 .5 7 -  -  -  - -------------- --------------- --------------- ---------------
aThe s o lv e n ts  w e re :
N o . 1 . B u tan o l, a c e t i c  a c id , w a te r
2 .  P h e n o l ,  w a te r
3 .  P ro p a n o l ,  w a te r
4 .  E th a n o l,  ammonium h y d ro x id e ,  w a te r  
S e e  M a te r ia l s  and  M e th o d s  s e c t io n  Cor d e t a i l s .
^ P la t e s  m ade of c e l lu lo s e  pow der (A) or s i l i c a  g e l  (B).
cG a v e  brow n s p o t .
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u s in g  p a p e r  s t r ip  ch rom atography  (Rfs not show n in  T ab le  10). The Rf 
v a lu e s  o f a l l  th e  2 -m e th y l  am ino a c id s  u s e d  in  th i s  s tudy  a re  l i s t e d  in  
T able  10 in  o rder  to  c h a r a c te r iz e  th e i r  p ro p e r t ie s  on  th in  la y e r  ch ro m o to -  
p l a t e s .  The se c o n d  p ro d u c t , a c e to n e ,  an d  r e s id u a l  p y ruva te  w e re  
ch rom ato g rap h ic  a l ly  d e te c te d  by  u s e  o f m ethods s p e c i f i c  for k e to  com ­
p ounds (Table 11). A cetone  w a s  a l s o  d e te c te d  by g a s  ch rom atography  
u s in g  a  co lum n p a c k e d  w ith  10 p e r  cen t  C a rb o w ax  1000.
In  o rder  to  d e te rm in e  th e  s p e c i f i c i ty  of th e  ke to  a c id  req u irem en t 
for th e  2 -m e th y la la n in e  d e c a rb o x y la t in g  enzym e s y s te m ,  an experim en t 
w a s  perform ed w ith  d if fe ren t  k e to  a c id s  (Table 12). All k e to  a c id s  w ere  
sodium  s a l t s  e x ce p t  for o x a lo a c e t ic  a c id  w h ich  w a s  a d ju s te d  to  n e u tra l i ty  
w ith  sod ium  hydrox ide  b e fo re  u s e .  The d a ta  show n in  T able  12 re f le c t  
enzym e a c t iv i t i e s  g re a te r  th a n  th o s e  p re v io u s ly  o b ta in e d .  The more 
a c t iv e  c e l lu la r  e x t r a c t s  may be  r e la te d  to  th e  dev e lo p m en t of im proved 
te c h n iq u e s  in  th e i r  p r e p a ra t io n .  It i s  c le a r  from th e  d a ta  p re s e n te d  in  
T ab le  12 th a t  o ^ -k e to b u ty ra te  s e rv e s  a s  w e ll  a s  p y ru v a te  a s  an  amino 
a c id  a c c e p to r  in  th e  co u p le d  d e c a rb o x y la t io n  and  t r a n s a m in a t io n  of 
2 - m e th y la la n in e .  Thin la y e r  ch rom atography  of the  am ino a c id  p roduct 
of th e  r e a c t io n  m ixture in  w h ic h  o C -k e to b u ty ra te  se rv e d  a s  a  k e to  a c id  
r e v e a le d  sp o ts  w ith  Rf v a lu e s  id e n t i c a l  to  2 -m e th y la la n in e .  H o w ev e r , 
s in c e  2 -m e th y la la n in e  an d  2 -am in o b u ty r ic  a c id  show ed  th e  sam e  Rf 
v a lu e s  in  the  so lv e n t  s y s te m s  u s e d ,  it w a s  a s s u m e d  th a t  2 -a m in o ­
b u ty r ic  a c id  w a s  fo rm ed . e C -K e to v a le ra te  se rv e d  only  a th ird  a s  w e l l
S3
T ab le  11
Rf v a lu e s  of 2 ,4 -d in i t ro p h e n y lh y d ra z o n e s  of 
k e to  a c id s  a n d  k e to n e s
P aren t  comDOund







P yruva te 0 .2 8 0 .4 4 0 .S3
O x a lo a c e ta te 0 .1 8 0 .1 4 0 .1 2
eC -K etog lu ta ra te 0 .0 3 0 .1 3 0 .0 4
4 5 6 7
... A B A A
A cetone 0 .1 2 0 .5 8 0 .5 7 0 .2 5
Butanone 0 .2 1 0 .7 4 0 .6 1 0 .3 7
a
The s o lv e n ts  w e re :
N o . 1. B u tan o l ,  e th a n o l ,  ammonium hydrox ide
2 .  t-A m yl a lc o h o l ,  e th a n o l ,  w a te r
3 .  E th a n o l,  p e tro leu m  e th e r
4 .  E th y le th e r ,  p e tro leum  e th e r
5 .  n - H e p ta n e , m ethano l
6 . iso -A m yl a lc o h o l ,  ammonium hydrox ide
7 .  H e x a n e ,  b e n z e n e ,  e th y le th e r  
S ee  M a te r ia ls  and  M ethods s e c t io n  for d e t a i l s .
P la te s  m ade of s i l i c a  g e l  (A) and  c e l lu lo s e  pow der (B).
i
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T able  12
A bility  of d if fe ren t  k e to  a c id s  to  s e rv e  a s  am ino  
group a c c e p to r s  in  th e  d e c a rb o x y la t io n  of 
2 - m e th y la l a n in e .
Keto a c id Activity®
Pyruva te 7 . 8 b
oC>Ketobutyrate 7 .5
oC -K etova lera te 2 .0
oC -K etoglu tara te 0 .0
O x a lo a c e ta te
t
2 . 6 °
aA ssa y  c o n d i t io n s  id e n t ic a l  to  th o s e  d e s c r ib e d  in  T ab le  8 e x c e p t  th a t  
0 .2  ml of 0 .2  M p h o sp h a te  buffer (pH 7 .8 )  w a s  u s e d  an d  th e  k e to  
a c id s  v a r ie d  a s  sh o w n .
^ E x p re s se d  a s  m o les  C 0 2 per hour.
cA ctiv ity  du e  to  d e c a rb o x y la t io n  of o x a lo a c e ta te  to  p y ru v a te  (as 
show n  in  c o n tro l  experim en t)  w ith  th e  r e s u l t in g  p y ru v a te  a c t in g  
in  th e  d e c a rb o x y la t io n  o f 2 - m e th y la la n in e .
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a s  p y ruva te ;  2 -a m in o v a le ra te  (norvaline) w a s  c h ro m a to g rap h ic  a l ly  
d e t e c t e d . O x a lo a c e ta te  and  c C -k e to g lu ta ra te  d id  not s e rv e  a s  an  
am ino group a c c e p to r  in  th i s  s y s te m .  A n a ly s is  of th e  r e a c t io n  
m ixture  in  w h ic h .o x a lo a c e ta te  w a s  p re s e n t  sh o w ed  a la n in e  fo rm ation  
( s e e  T ab le  12) d u e  to  p ro d u c tio n  of p y ru v a te  from o x a lo a c e ta t e .
All p re c e d in g  e x p e r im e n ts  w i th  c e l lu la r  e x t r a c t s  w e re  c a r r ie d  out 
under an  a tm o sp h e re  of n i t ro g e n .  S in c e  th e  e x c h a n g e  of th e  a tm o sp h e re  
in  th e  W arburg  v e s s e l s  req u ire d  an  a d d e d  s te p  in  th e  m anom etric  a s s a y ,  
th e  u s e  of an  a ir  p h a s e  w a s  s tu d ie d .  2 - M e th y la la n in e  w a s  found to  be  
d e c a rb o x y la te d  a t  th e  sam e ra te  b inder an  a ir  a tm o sp h e re  a s  under th e  
n itro g e n  a tm o s p h e re .  M o reo v er ,  it  w a s  found th a t  n e i th e r  u n d ia ly z e d  
or d ia ly z e d  c e l lu la r  e x t r a c t s  c o u ld  o x id iz e  2 - m e th y la la n in e ,  p y ru v a te ,  
or a c e to n e .  The c e l lu l a r  e x t r a c t s  d id  not d e c a rb o x y la te  p y ru v a te .
S in c e  th e  u s e  o f  a n i tro gen  a tm o sp h e re  w a s  not n e c e s s a r y ,  a l l  fo l lo w ­
in g  e x p e r im e n ts  w e re  c a r r ie d  out under an  a ir  a tm o s p h e re ,  e x c e p t  th e  
s tu dy  of th e  s to ich io m e try  of th e  r e a c t i o n ,  w h ich  w a s  perfo rm ed  b e fo re  
th e  ab o v e  e x p e r im e n ts  w ere  c o m p le te d .
F igure  6 d e m o n s tra te d  th a t  th e  d e c a rb o x y la t io n  of 2 -m e th y la la n in e  
w a s  l in e a r  w i th  t im e  for th e  f i r s t  60 min un der th e  c o n d i t io n s  of a s s a y .  
It w a s  a l s o  d e te rm in e d  th a t  T r is -H C l  buffer (pH 7 .8 )  a t  f in a l  m olar 
c o n c e n tr a t io n  of 0 .0 5  to  0 .2  w ou ld  s e rv e  a s  w e l l  a s  or b e t te r  th a n  
p h o sp h a te  b u ffe r .
Figure  6 .  R ate  of c a rb o n  d io x id e  p ro d u c tio n  from 2 -m e th y la la n in e  by 
c e l lu la r  e x t r a c t s . R e ac tio n  m ixture  c o n ta in e d  20 ^im oles 
of 2 -m e th y la la n in e ,  20 m oles  of sod ium  p y ru v a te ,  0 .S  
j im ole  of p y rid o x a l p h o s p h a te ,  0 .2  ml of 0 .2  M p h o s p h a te  
bu ffe r  (pH 7 . 8 ) ,  2 j jm oles  of EDTA, 0 .5  ml o f c e l lu la r  
e x t r a c t ,  a n d  d i s t i l l e d  w a te r  to  3 .0  m l. At in te rv a l s  of 
t im e  20% TCA w a s  t ip p e d  in  from a  s id e  arm to  s to p  th e  









S to ich io m etry  of th e  d e c a rb o x y la t io n  o f  2 -m e th v la la n ln e
To d e l in e a te  more c a re fu l ly  th e  c a ta b o l i s m  of 2<-m ethylalanine a n  
ex p erim en t w a s  perform ed to  d e te rm in e  th e  s to ich io m e try  of th e  r e a c t io n .  
The re a c t io n  w a s  c a r r ie d  out in  a W arburg  v e s s e l  a s  i s  d e s c r ib e d  in  
T ab le  13. After te rm in a t io n  of th e  r e a c t io n  w ith  a c id  an d  m easu rem en t  
of th e  c a rb o n  d io x id e  p ro d u c e d , th e  r e a c t io n  m ixture  w a s  c e n t r i fu g e d .  
The su p e rn a ta n t  f lu id  w a s  a n a ly z e d  for th e  d i s a p p e a r a n c e  of th e  s ta r t in g  
c o n s t i tu e n t s  an d  th e  p ro d u c t io n  of a c e to n e ,  a la n in e ,  and  am m on ia . The 
d a ta  show n  (Table 13) w e re  c o r re c te d  for en d o g en o u s  a c t iv i ty  by  s u b ­
t r a c t in g  a p p ro p r ia te  v a lu e s  o b ta in e d  from c o n tro ls  c o n s i s t in g  of th e  
c o m p le te  sy s te m  p lu s  in a c t iv a te d  c e l lu l a r  e x tra c t  (bo iled  S min) and  
th e  c o m p le te  s y s te m  m inus 2 - m e th y la la n in e . The r e s u l t s  from th e  co m ­
p le te  s y s te m  offer a  r e a s o n a b le  b a l a n c e , in  v iew  of th e  f a c t  th a t  a  c rude  
c e l lu la r  e x tra c t  w a s  em ploy ed  a s  th e  so u rc e  of e n z y m e . Although more 
2 “m e th y la la n in e  d i s a p p e a r e d  th a n  c o u ld  b e  a c c o u n te d  fo r ,  a  d i f fe re n c e  
of abo u t 0 .9  j jm o le s ,  it  may be  s e e n  th a t  v a lu e s  of 2 .0  j jm o le s  of ca rb o n  
d io x id e ,  1 .6  jam oles of a c e to n e ,  and  2 .2  ^im oles of am ino n i tro g e n  
(a la n in e  p lu s  ammonia) roughly  b a l a n c e .  I sopropylamine w a s  not  
d e t e c t e d .  The r e s u l t s  ob ta in ed  w h en  pyruvate or pyridoxal  p h o sp a te  
w ere  omitted a g a in  in d ic a te d  the d e p e n d e n c e  of the  d e c arb oxy la t in g  
en zy m e  or e n z y m e s  on the com p o u n d s .
An attempt w a s  made to  a s s a y  d irect ly  for th e  d isa p p e a r a n c e  of 
pyridoxal p h o sp h a te  in  the 2 -m e th y la la n in e  d eca rb o x y la t in g  s y s t e m .
Table  13
S to ich iom etry  of th e  d eca rb o x y la tio n  d epend en t t ra n sa m in a t io n
of 2 -m ethy  la la n in e
i
' C h a n g e  in  r e a c ta n ts  an d  products*3
2 -M e th y l-  C arbo n  Amino n i tro gen
System *________________________________ a la n in e  Pyruva te  d io x id e  A cetone  A lanine Ammonia
l a .  C om plete - 3 . 1 - 4 .3 + 3 .5 + 1 .6 + 3 .0 + 2 .8
l b .  C om ple te  w ith  b o iled  enzym e - 0 . 2 - 0 .1 + 0 .5 0 .0 + 1 .2 + 2 .1
l c .  C om ple te  m inus 2 -m e th y la lan in e -------- - 1 .1 + 1 .5 0 .0 + 1 .3 •
CM+
I d .  C om plete  co rrec ted  for endogenous - 2 . 9 - 3 . 2 + 2 .0 + 1 .6 + 1 .7 + 0 .7
2 .  C om ple te  minus pyridoxal p h o sp h a te c - 1 . 2 - 1 . 3 + 0 .6 + 0 .5 + 0 .1 + 0 .3
3 . C om ple te  m inus pyruva te0 
1
- 1 . 4 -------- + 0 .4 + 0 .7 + 0 .3 + 0 .2
d *C om ple te  r e a c t io n  mixture c o n ta in e d  2 0 .0  jimoles of 2 - m e th y la la n in e , 2 0 . 0 m oles  of sodium  
p y ru v a te ,  1 5 0 yg of pyridoxal p h o s p h a te ,  0 .5  ml of 0 .2  M p h o sp h a te  buffer (pH 7 .8 ) ,  1 .0  ml 
of c e l lu la r  e x t r a c t ,  and  d i s t i l l e d  w a te r  to  a  f in a l  volum e of 3 .0  m l. The re a c t io n  w a s  c a r r ie d  
out under a  n itrogen  a tm o sp h e re ,  and  w a s  te rm in a ted  a t  th e  end  of 120 min by th e  a d d it io n  of 
0 .2  ml of 20% m etaphosphoric  a c id .  C arbon  d iox ide  w a s  m easured  m an o m etr ica lly . For o ther  
a n a ly t ic a l  m eth o d s , s e e  M a te r ia ls  an d  M e th o d s .
^E x p ressed  in  p m o le s .
c T hese  d a ta  w ere  c o rre c te d  by ap p rop ria te  c o n t r o l s .
Even w h e n  c o n c e n tr a t io n s  o f p y r id o x a l  p h o sp h a te  a p p ro a ch in g  s to i c h io ­
m etric  am o u n ts  w e re  u s e d ,  no m e a su ra b le  c h a n g e  c o u ld  b e  d e te c t e d  by 
th e  sp e c tro p h o to m e tr ic  m ethod  o f  W ad a  and S n e l l  (1961). W h en  c a rb o n  
d io x id e  p ro d u c tio n  w a s  m ea su re d  a s  a n  in d e x  of a c t iv i t y ,  i t  w a s  found 
th a t  c a t a l y t i c  l e v e l s  of p y ru v a te  c o u ld  s t im u la te  th e  d e c a rb o x y la t io n  
of 2 - m e th y la l a n in e . A 2 - fo ld  i n c r e a s e  w a s  o b s e rv e d  in  num erous 
e x p e r im e n ts  w h en  su ch  a  s y s te m  w a s  co m p ared  to  a n  id e n t i c a l  e x p e r i -  
ment m inus th e  p y ru v a te .  It w a s  o b s e r v e d ,  for e x a m p le ,  th a t  0 .5 8  
^ m o le s  of c a rb o n  d io x id e  w a s  p rod uced  in  on e  hour by a  d ia ly z e d  c e l lu la r
e x tra c t  in  th e  p re s e n c e  of 5 . 0  yjmoles of p y r id o x a l  p h o s p h a te ,  w h i le  a
*
v a lu e  of 1 .02  w a s  o b ta in e d  in  th e  sa m e  sy s te m  w h e n  0 . 2 j im o le s  of 
sod ium  p y ru v a te  w e re  a d d e d .  In  no c a s e ,  h o w e v e r ,  c o u ld  th e  d i s ­
a p p e a ra n c e  of p y r id o x a l  p h o s p h a te  b e  c o r re la te d  w ith  t h i s  a c t i v i t y .
S in c e  a  c ru d e  c e l lu la r  e x t r a c t  w a s  em ploy ed  in  t h e s e  s t u d i e s , th e  
e f fe c t  of py ru v a te  may be  e x p la in e d  by th e  a c t io n  of t r a n s a m in a s e s  
w h ich  c o u ld  re g e n e ra te  low le v e ls  of th e  k e to  a c i d .
Pyridoxam ine  p h o sp h a te  w a s  found to  be  tw o - th i r d s  a s  e f f e c t iv e  
a s  p y rid o x a l p h o sp h a te  for a c t iv a t io n  of th e  enzym e s y s te m .
At th i s  po in t th e  d e s c r ip t iv e  nam e 2 -m e th y la la n in e  d e c a rb o x y la s e  
w a s  a p p l ie d  to  th e  enzym e or e n zy m es  r e s p o n s ib le  for th e  d e c a rb o x y la ­
t io n  of 2 -m e th y la la n in e .
Effect of in h ib i to r !  an d  d iv a le n t  c a t io n s  on th e  d e c a rb o x y la t io n  of
S in c e  d i a ly s i s  w a s  found to  s t im u la te  th e  d e c a rb o x y la t io n  of 2 -  
m e th y la lan in e  by  c e l lu la r  e x t r a c t s , o th e r  m ethods of rem oving low 
m o lecu la r  w e ig h t  e le m e n ts  (ca tio n s )  w e re  i n v e s t i g a t e d .  P a s s a g e  of 
c ru d e  c e l lu la r  e x t r a c t s  th rough  a  co lum n (2 x  15 cm) c o n ta in in g  S e p h a d e x  
G -2 5  d e x tra n  g e l  r e s u l te d  in  a  s t im u la t io n  s im ila r  to  th a t  o b ta in e d  by 
d i a l y s i s .  T h is  s t im u la t io n ,  h o w e v er ,  w a s  i n c o n s i s t e n t ,  a s  w a s  t r e a t ­
ment of e x t r a c t s  by d i a l y s i s .
T rea tm ent of c ru d e  c e l lu l a r  e x t r a c t s  w ith  th e  sod ium  s a l t  of th e  
c h e la t in g  a g en t  EDTA (pH 7 .5 )  r e s u l te d  in  a  s t im u la t io n  a t  low le v e l s  (2 .0  
| im o le s /m l  r e a c t io n  m ixture) and  in h ib i t io n  a t h igh  c o n c e n tr a t io n s  (1 0 .0  
to  2 0 .0  j im o le s /m l  r e a c t io n  m ix tu re ) . EDTA n e u tr a l i z e d  w ith  T rls  d id  not 
show an  in h ib i to ry  e f fe c t  w h e n  a d d e d  a t  a c o n c e n tr a t io n  of 1 5 . 0 j jm o le s /m l  
of r e a c t io n  m ix tu re ,  but d id  s t im u la te ,  a s  d id  sod ium  EDTA, a t  low er 
c o n c e n t r a t io n s .  The sod ium  s a l t  of EDTA neither, s t im u la te d  nor i n ­
h ib i te d  a  c ru d e  2 -m e th y la la n in e  d e c a rb o x y la s e  w h ich  had  b e e n  d ia ly z e d  
a g a in s t  p h o sp h a te  buffer c o n ta in in g  0 .2  M KC1.
If rem oval of d iv a le n t  c a t io n s  by d i a l y s i s ,  S e p h a d e x  g e l ,  or t r e a t ­
ment w ith  EDTA s t im u la te  th e  e n z y m e , i t  sh o u ld  be  p o s s ib le  to  show  an  
in h ib ito ry  e f fe c t  of su c h  io n s .  T his  w a s  a c c o m p l i s h e d ,  a s  i s  sho w n  in  
T ab le  14. The c e l lu la r  e x tra c t  w a s  d ia ly z e d  a g a in s t  10~5m  p h o sp h a te  
buffer (pH 7 .5 )  c o n ta in in g  0 .2  M KC1 for 10 hou rs  prior to  u s e .  The 
d ia ly z e d  c e l lu la r  e x t r a c t  w a s  in h ib i te d  to  som e e x te n t  by a l l  of th e
Table  14
Effect of d iv a len t  c a t io n s  on 2 -m e th y la lan in e  d e c a rb o x y la se 3
M olar
c o n ce n tra t io n
M e ta ls "
Magnesium*? N ickel C o b a lt  Zinc M an g an ese C alc ium
1 x  10"3 3 9 . 4d 2 2 .8 3 0 .0 5 .8 15.5
1 x  10“4 24 .5 10.2 6 .4  3 .0 5 .0 11.2
1 x 10-5 1 .0 12.5 8 .8 2 .0 5 .5
dA ssayed  a s  d e sc r ib e d  in  Figure 6 ,  e x c e p t  th a t  no EDTA w a s  a d d e d .
^All c a t io n s  added  a s  su l fa te  s a l t s  e x c e p t  ca lc ium  and  z in c  w hich  w ere  ch lo r id e  s a l t s .
cArranged by in c re a s in g  ion ic  rad iu s  (M oelle r ,  1958), le f t  to  r ig h t .
♦
^ E x p ressed  a s  per cen t  inh ib it io n  of enzym e a c t iv i ty  w ith  no d iv a len t  c a t io n  a d d e d .
c a t io n s  sh o w n , but most d r a s t ic a l ly  by m ag n es iu m . The d e c r e a s e  in  
th e  d e g re e  of in h ib i t io n  may be  roughly c o r r e la te d  to  th e  i n c r e a s e  in  
io n ic  ra d iu s  of e a c h  of th e  m eta l i o n s .  This w a s  b e s t  s e e n  w h e n  th e  
m eta l ion  c o n c e n tra t io n  w a s  1 x 10“4 M . H o w ev e r ,  t h e s e  d a ta  only 
s u g g e s t  th a t  th e  e f fe c t  of th e  m eta l ion  may b e  r e la te d  to  th e  io n ic  
s i z e .
The e f f e c t s  of v a r io u s  in h ib i to rs  on th e  enzym e s y s te m  a re  
show n in  T ab le  15. C y a n id e  and h y d ro x y lam in e ,  both c a rb o n y l  
r e a g e n t s ,  m arkedly  in h ib i te d  th e  e n z y m e . T his w a s  m ost l ik e ly  due  
to  re a c t io n  w ith  th e  formyl group of py ridoxal  p h o s p h a te .  The in h ib ito ry  
e f fe c t  of c y a n id e  do es  not a p p e a r  to  be  r e la te d  to  energy  m e tab o lism  
s in c e  sod ium  a z id e  w a s  not in h ib i to ry .  Sodium a rp e n i te  w a s  s tro n g ly  
in h ib ito ry ;  i t s  mode of in h ib i t io n  i s  not c l e a r .  The enzym e d o e s  not . 
a p p e a r  to  be  su lfh yd ry l  group d e p en d e n t  s in c e  ^ -c h lo ro m e rc u r ib e n z o ic  
a c id  and  N -e th y l -m a le im id e  w e re  not inh ib ito ry ;  io d o a c e t ic  a c id  i n ­
h ib i te d  s l ig h t ly ,  p e rh ap s  due to  the  a lk y la t io n  of an  am ino a c id  at 
th e  c a ta ly t i c  s i t e  on th e  e n z y m e . In h ib ito rs  c h a r a c te r i s t i c a l ly  known 
to  in h ib i t  p y r id oxa l p h o sp h a te  d e p en d e n t  e n z y m e s ,  such  a s  D - c y c lo -  
s e r in e ,  D L -p e n ic i l l a m in e , and  L - c y s te in e ,  s t ro n g ly  in h ib i te d  th e  
d e c a rb o x y la t io n  of 2 -m e th y la la n in e  by c e l lu la r  e x t r a c t s .
E ffect of d ia ly s i s  on c ru d e  2 -m e th y la la n in e  d e c a rb o x y la s e
It h a s  b e e n  po in ted  out th a t  th e  d ia ly s i s  of c e l lu la r  e x t r a c t s  
w a s  req u ired  to  o b ta in  an  a c t iv e  p re p a ra t io n .  H ow ever, during
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T ab le  15
Effect o f  In h ib ito rs  on  2 -m e th y la la n in e  deca rbo xy lase®
In h ib ito r 1 X IQ-3 M
C o n c e n tra t io n
5 X 10~4 M
None
P o ta s s iu m  c y a n id e  
H ydroxylam ine 
Sodium  a z id e  
Sodium  a r s e n i t e  
^  -C h lo ro m e rc u r ib e n z o ic  a c id  
N -E th y l-m a le lm id e  
lo d o a c e t ic  a c id  
D -C y c lo se r in e  
DL-Penici i ldmine  
L -C yste ine














d a:, ( inscribed in F i j u i e  o , t xccpt  tn-jt no EDTA w a s  a d d e d .
“ Exp:-, b a r d  as per cen t  i n h i b i t i o n  oi ».-nz> mo a c t iv i ty  w i t h  no  i n h i b i t o r  
a d d e d  .
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su b s e q u e n t  e x p e r im e n ts ,  em ploying  e i th e r  d i a ly s i s  or S e p h a d e x  g e l
f i l t r a t io n  to  d e s a l t  th e  c e l lu la r  e x t r a c t s ,  enzym e a c t iv i ty  w a s  o f te n
found to  b e  d im in ish e d  ra th e r  th a n  s t im u la te d .  This i n c o n s i s te n c y
led  to  ex am in ing  d i a ly s i s  of th e  enzym e more c a r e f u l ly .  F igure  7
sho w s th e  m arked in a c t iv a t io n  of th e  enzym e by d i a l y s i s  a g a in s t
10"4 M p h o sp h a te  bu ffer  (pH 7 . 5 ) ,  S p e c if ic  a c t iv i ty  ra p id ly  d e c r e a s e d
during th e  f i rs t  n in e  hours  of d i a l y s i s  an d  w a s  on ly  15 pe r  c e n t  of th e
in i t i a l  v a lu e  a f te r  21 h o u rs .  A ddition  of m erc a p to e th a n o l  to  10“^ M
prov ided  l i t t l e  p ro te c t io n .  The a d d it io n  of 1 0 '4 M 2 -m e th y la la n in e ,
10“5 M p y rid o x a l p h o s p h a te ,  or a d e n o s in e  m o n o p hospha te  (AMP) a t  
-410 M , d id  not s t a b i l i z e  th e  enzym e during d i a l y s i s .  A ddition  of 
AMP and  g lu ta th io n e  to g e th e r  or s e p a r a te ly  to  d ia ly z e d  p re p a ra t io n s  
had  no r e a c t iv a t in g  e f f e c t .
A sa m p le  of th e  m e rc a p to e th a n o l- f re e  m a te r ia l  d ia ly z e d  for 21 
hours (F ig . 7) c a n  be  r e a c t iv a te d  to  som e d e g re e  a s  i s  sh ow n  in  
T able  16. Some d eg ree  of r e a c t iv a t io n  w a s  o b ta in e d  w ith  b o i le d  
e x tra c t  (5 min) and  id e n t ic a l  r e a c t iv a t io n  w a s  o b ta in e d  w ith  a s h e d  
e x tra c t  r e s u s p e n d e d  to  th e  o r ig in a l  v o lu m e . A g re a te r  d e g re e  of 
r e a c t iv a t io n ,  p ro duced  by m aking th e  re a c t io n  m ix ture  0 .1  M w ith  
r e s p e c t  to  KC1, in d ic a te d  th a t  the  d im in u tio n  of io n ic  s t re n g th  w a s  
p e rh a p s  th e  c a u s e  of l o s s  of enzym e a c t iv i ty  during  d i a l y s i s .
The d a ta  g rap h e d  in  F igure  8 show th a t  su f f ic ie n t  l e v e l s  of KC1 
p ro te c te d  th e  enzym e during  d i a ly s i s  a g a in s t  10"4 M p h o sp h a te
Figure  7 .
Figure 8 .
Effect of d i a l y s i s  a g a in s t  d i lu te  p h o s p h a te  bu ffe r  w ith  
an d  w ith o u t  m e rc a p to e th a n o l ,  2 -M e th y la la n in e  d e c a rb o x y ­
l a s e  a c t iv i ty  w a s  a s s a y e d  a s  sh o w n  in  F igu re  6 ,  e x c e p t  
th a t  no EDTA w a s  u s e d ,  th e  l e v e l  of p y r id o x a l  p h o sp h a te  
w a s  0 .2 5  u m o l e s , an d  0 .5  ml of 0 .0 5  M T r is -H C l  buffer 
(pH 7 .8 )  w a s  u s e d .  S p e c if ic  a c t iv i ty  w a s  d e f in e d  a s  
j jm o les  CO2 p e r  mg p ro te in  pe r  60 m ln . S y m bols :  w ith  
1 0 m e rc a p to e th a n o l  ( A )  an d  w ith o u t  m e rc a p to ­
e th a n o l  ( 0 ) »  b . c .  r e fe r s  to  buffer c h a n g e d .
Effect of different l e v e l s  of KC1 during d i a l y s i s  aga inst  
dilute phosphate buffer. Enzyme a s s a y  and definit ion of 
s p e c i f ic  ac t iv i ty  are as  shown in Figure 7 .  Symbols:  
no added KC1 ( • ) ,  0 .0 5  M KC1 ( □ ) ,  0 . 1 0  M KCL ( A ) ,
and 0 ,2  0 M KC1 ( O ) .  Molar concentrat ions  are final  















P a r t ia l  r e a c t iv a t io n  of 2 -m e th y la la n in e  d e c a rb o x y la s e  
in a c t iv a te d  by d ia ly s i s
S v s tem
S p e c if ic
a c t iv i ty 3
Per c e n t  
a c t iv i tv
1. U n d ia ly z e d  preparation*3 1.75 1 00 .0
2 .  Enzyme d ia ly z e d  21 hr*3 0 .2 7 15 .5
3 .  N o . 2 p lu s  b o iled  N o. 1 0 .3 7 2 1 .2
4 .  N o . 2 p lu s  a s h e d  N o . 1 0 .3 6 2 0 .6
5 .  N o. 2 p lu s  0 .1  M KC1 0 .4 1 2 3 .5
^Specif ic  activ ity  defined as pmoles CO 2  per mg protein per hour. 
Enzyme a s s a y e d  as  described in Figure 7 .
^Same enzyme preparation used in Figure 7.
buffer (pH 7 .5 )  and  pe rm itted  th e  d e m o n s tra t io n  of th e  s t im u la to ry  e f fe c t  
of d i a l y s i s .  A pparen tly  0 .0 5  M KC1, a lthough  show ing  th e  s t im u la to ry  
e f f e c t ,  w a s  not su f f ic ie n t  to  p ro tec t  a g a in s t  in a c t iv a t io n  by d i a ly s i s  
lo n g er  th a n  th re e  h o u r s . A ttem pts w ere  made to  r e a c t iv a t e  enzym e 
w hich  had  b e e n  sh o c k e d  by d im inu tion  of io n ic  s t re n g th  by p a s s a g e  
th rough  a S e p h a d e x  G -25  co lum n , e q u i l ib ra te d  a g a in s t  10~^M p h o sp h a te  
b u ffe r ,  u s in g  from 0 .1  to  1 .0  M (final co ncen tra tion )  KC1. R e a c t iv a t io n  
e x p e r im e n ts  w ere  in c u b a te d  at 4 C for p e r io d s  vary ing  from 30 min to  
24 h o u rs .  As o p p o se d  to  th e  s u g g e s t iv e  d a ta  of T able  16, no s ig n i f i ­
c a n t  r e a c t iv a t io n  w a s  o b s e rv e d .  It sh ou ld  be p o in te d  out th a t  the  
s p e c i f ic  a c t iv i ty ,  c a lc u la te d  in  te rm s of um oles of ca rb o n  d io x id e  
produced  per mg p ro te in  per hour, o b ta in e d  a f te r  d i a ly s i s  a g a in s t  a 
buffer c o n ta in in g  0 .2  M KC1, w a s  ap p ro x im ate ly  10 t im e s  th e  s p e c i f ic  
a c t iv i ty  c a lc u la te d  from th e  d a ta  in  T able  8 .
The e ffe c t  of short term  d ia ly s i s  a g a in s t  d i lu te  T r is -H C l buffer 
(pH 7 .5 )  i s  show n in  Figure 9 . S am ples  of d ia ly z e d  enzym e w ere  
a s s a y e d  a s  fo l lo w s:  (1) enzym e w a s  h e ld  a t 4 C during th e  c o u rse  
of th e  e x p e r im e n t ,  and  a s s a y e d  ir_ the  c o m p le te  r e a c t io n  m ix ture  (as 
in  F ig . 7), (2) enzym e a s s a y e d  w ith  p y rido xa l p h o sp h a te  a t  th e  rou tine  
le v e l  and  0 . 143 M KC1, (3) enzym e a s s a y e d  w ith  no a d d ed  KC1,
(4) enzym e a s s a y e d  w ith  KC1, but no add ed  p y rid oxa l p h o s p h a te ,  and
(5) enzym e a s s a y e d  w ith  n e i th e r  py ridoxal p h o sp h a te  or KC1. The d a ta  
from th e  experim en t in d ic a te d  th e  rap id  lo s s  of p y r idox a l  p h o sp h a te
Figure  9 .  Effect of sho rt  term  d ia ly s i s  a g a in s t  d i lu te  T r is -H C l  
b u ffe r .  Enzyme a s s a y  w a s  c a r r ie d  ou t  a s  show n  in 
F igure  7,  e x c e p t  th a t  0 .4  pinole  p y r id o x a l  p h o sp h a te  w as  
u se d  and  e x c e p t  w h e re  a l t e r e d  by e x p e r im e n ta l  d e s ig n .  
S p e c if ic  a c t iv i ty  w a s  d e f in e d  a s  um oles C O 2 per mg 
p ro te in  pe r  m in. Sym bols:  no t re a tm e n t  ( A h  co m p le te  
re a c t io n  m ixture p lu s  0 .1 4 3  M KC1 (f in a l  c o n c e n tra t io n )
„ ( O h  c o m p le te  r e a c t io n  m ixture  ( • ) ,  m inus py rido xal
p h o sp h a te  but c o n ta in in g  0 .1 4 3  M KC1 ( O h  and  m inus 
py rid o x a l p h o sp h a te  ( ■ ) .
Specific Activity (x 10s )
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from a  c ru d e  2 -m e th y la la n in e  d e c a rb o x y la s e  p re p a ra t io n .  W ith  enzym e 
d ia ly z e d  for th re e  hours  s l ig h t  r e s to ra t io n  o f a c t iv i ty  w a s  a c h ie v e d  by 
th e  a d d it io n  of KC1/ w h i le  th e  a d d i t io n  of p y r id o x a l  p h o sp h a te  r e s to re d  
63 pe r  c e n t  of th e  a c t iv i ty  o b s e rv e d  in  th e  u n d ia ly z e d  e n z y m e . Alm ost 
c o m p le te  r e a c t iv a t io n  o c cu rred  w h en  p y rid o x a l p h o sp h a te  an d  KC1 w e re  
a d d e d  to g e th e r .  No r e a c t iv a t io n  occu rred  w ith  enzym e d ia ly z e d  for 
p e r io d s  long er  th a n  4 to  5 h o u r s ,  u s in g  bo th  p y r id o x a l  p h o sp h a te  and  
KC1. U n d ia ly z e d  en zy m e  c o u ld  not b e  a c t iv a te d  w ith  KC1.
T ab le  17 in d ic a te s  th e  d e g re e  t o  w hich  v a r io u s  s a l t s  w e re  e f f e c ­
t iv e  in  th e  r e s to ra t io n  o f  enzym e a c t iv i ty  a f te r  d i a ly s i s  for a  sh o rt  
p e r io d  of t im e  a g a in s t  10"^M  p h o sp h a te  bu ffe r  (pH 7 .5 ) .  It i s  i n t e r e s t ­
ing  th a t  l i th ium  an d  sod ium  io n s  w e re  in h ib i to ry  to  th e  s y s te m  w h ile  
p o ta s s iu m  io n s  s t im u la te d  th e  en zy m e  a n d ,  in  f a c t ,  r e s to re d  95 per  
c e n t  of th e  s p e c i f i c  a c t iv i ty  (a c t iv i ty  be ing  m easu red  a s  d e s c r ib e d  
p re v io u s ly  but e x p re s s e d  on  a  p e r  m inute  b a s i s ) . Ammonium c h lo r id e  
w a s  n e i th e r  in h ib i to ry  nor s t im u la to ry  w h ile  c e s iu m  an d  te t r a m e th y l -  
ammonium c h lo r id e  w ere  s l ig h t ly  in h ib i to r y . The rubid ium  s a l t  w a s  
not a v a i la b le  for th i s  s tu d y .
That p o ta s s iu m  io n s  may b e  im portan t for r e a s o n s  o th e r  th a n  
th e i r  c o n tr ib u t io n  ( to g e th e r  w ith  th e  c h lo r id e  ion) to  th e  io n ic  s tre n g th  
of th e  medium i s  e v id e n c e d  by d a ta  in  Table  17 and  by th e  fac t  th a t  
d i a ly s i s  a g a in s t  0 .2  M te tram ethy lam m onium  c h lo r id e ,  b u ffe red  w ith  
lOT3 M T ris - IC l  (pH 7 .5 ) ,  r e s u l te d  in  th e  l o s s  of 70 pe r  c e n t  of enzym e
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T able  17
E ffect of m onovalen t c a t io n s  on  enzym e d ia ly z e d  
for 120 m inu tes  a g a in s t  T r is -H C l buffer
a
S a l t  a d d ed
b
A ctiv ity
No s a l t 4 .0 7
Lithium ch lo r id e 0 .0
Sodium  ch lo r id e 0 .0
P o ta s s iu m  c h lo r id e 5 .3 7
C e s iu m  c h lo r id e 3 .0 0
Ammonium c h lo r id e 3 .9 8
T etram ethylam m onium  ch lo r id e 2 .8 7
aAdded to  a  f in a l  c o n c e n tra t io n  of 0 .1 4  M .
E x p r e s s e d  in  j im o les  C O 2 per 30 m in, a s s a y e d  a s  show n in  F igure  9 .
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a c t iv i ty  a f te r  n ine  h o u r s . A s im ila r  ex perim en t c a r r ie d  out a g a in s t  
0 .2  M KC1 in d ic a te d  th a t  only  10 p e r  c e n t  of th e  in i t i a l  a c t iv i ty  (as 
s p e c i f ic  a c t iv i ty )  w a s  lo s t  a f te r  35 hours  o f d i a l y s i s .
In h ib it io n  of 2 -m e th y la la n in e  d e c a rb o x y la s e  by th e  sodium  io n  w a s  
found to  be  c o n c e n tra t io n  d e p e n d e n t  (Table 16). T h is  in h ib i t io n ,  how ­
e v e r ,  w a s  e a s i ly  r e v e r s e d  by th e  p o ta s s iu m  io n .  I t  w a s  o b se rv ed  th a t  
th e  r e la t iv e  in h ib i t io n  of 86 per c e n t  of th e  enzym e a c t iv i ty  c a u s e d  by 
th e  in c lu s io n  of 0 .1 0 7  M (final c o n c e n tra t io n )  sod ium  c h lo r id e  c o u ld  be  
c o m p le te ly  re v e rse d  by th e  a d d it io n  of 0 .0 3 6  M (final c o n c e n tra t io n )  
p o ta s s iu m  c h lo r id e .
Effect of h e a t  on c ru d e  2 -m e th y la la n in e  d e c a rb o x y la s e
If th e  p o ta s s iu m  ion  a c te d  through  a s t a b i l i z a t i o n  of 2 -m e th y l ­
a la n in e  d e c a rb o x y la s e ,  one  might e x p e c t  a  c h a n g e  in  th e rm o s ta b i l i ty  
of th e  enzym e w ith  in c re a s in g  p o ta s s iu m  ion  c o n c e n t r a t io n .  The h e a t  
in a c t iv a t io n  p ro file  of c rud e  2 -m e th y la la n in e  d e c a rb o x y la s e ,  c a r r ie d  
ou t in  p h o sp h a te  buffer (pH 7 .5 ) ,  i s  show n in  F igure  10. It i s  c le a r  
th a t  0 .5  a n d  1 .0  M KC1 (final c o n ce n tra t io n )  c a n  p ro te c t  th e  enzym e; 
in  f a c t ,  a  s l ig h t  a c t iv a t io n  o ccu rred  a t  abo u t 50 and 60 C ,  r e s p e c ­
t iv e l y .  C o m p le te  l o s s  of a c t iv i t y ,  both  w ith  an d  w itho u t KC1, a p p e a rs  
to  occu r  a t  68 to  72 C under t h e s e  c o n d i t io n s .
In a n o th e r  experim en t (F ig . 11) a  more p r e c i s e  c h a n g e  in  th e rm o ­
s ta b i l i ty  w a s  d e m o n s tra te d .  C ru de  2 -m e th y la la n in e  d e c a rb o x y la s e  
w a s  h e a te d  at 50 an d  55 C (in tw o  s e p a ra te  ex p e r im e n ts )  for in c re a s in g
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T ab le  18
The in h ib i t io n  of 2 -m e th y la la n in e  d e c a rb o x y la s e  by th e  
sod ium  io n  an d  th e  r e v e r s a l  of in h ib i t io n  by th e
p o ta s s iu m  io n a
M o la r  c o n c e n tra t io n  
of s a l t  a d d ed  
(final) Sodium  in h ib i t io n
R e v e rsa l  o f sodium  
in h ib i t io n  (0 .1 0 7  M) by 
p o ta s s iu m 0
None 1 0 0 .0b 1 4 .0d
0 .0 1 4 6 9 .5
0 .0 3 6 5 1 .0 1 06 .0
0 .0 7 2 4 1 .5 1 0 1 .0
0 .1 0 7 16 .8 1 02 .0
0 .1 4 3 3 .2 10 1 .0
a Enzyme a s s a y e d  a s  show n in  F igure  9 .
^ E x p re s se d  a s  pe r  c e n t  of enzym e a c t iv i ty  a t  in c r e a s in g  c o n c e n tra t io n s  
of sod ium  c h lo r id e .
CA11 e x p e r im e n ta l  f l a s k s  c o n ta in e d  0 .1 0 7  M (final c o n c e n tra t io n )  
sod ium  c h lo r i d e .
^ E x p re sse d  a s  per c e n t  of enzym e a c t iv i ty  at in c re a s in g  c o n c e n tra t io n s  
of p o ta s s iu m  c h lo r id e .
F igure  10. H ea t  in a c t iv a t io n  p ro f i le  an d  e f fe c t  of d if fe ren t  l e v e l s  
of KC1 o n  h e a t  in a c t iv a t io n  of c ru d e  2 -m e th y la la n in e  
d e c a r b o x y la s e .  Enzyme a s s a y  w a s  c a r r ie d  out a s  
show n  in  F igure  9 . ,  S y m bo ls :  no a d d ed  s a l t ,  h e a te d  
for 15 min ( • ) ,  no a d d e d  s a l t ,  h e a te d  for 5 min ( # ) ,  
0 .2  M KC1, h e a te d  for 5 min ( O ) ,  0 .5  M KC1, h e a te d  
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Figure  11. K ine tics  of h ea t  in a c t iv a t io n  of th e  2 -m e th y la la n in e  
d e c a rb o x y la s e  a c t iv i t y .  Enzyme a s s a y  w a s  c a r r ie d  
out a s  show n in  F igure  9 .  S ym bols :  50 C in  th e  
p re s e n c e  of 0 .4  M KC1 ( O ) ,  50 C w ith  no a d d ed  
s a l t  ( • ) ,  55 C in  the  p r e s e n c e  of 0 .5  M KC1 ( A ) ,  




p e r io d s  of t im e  in  th e  p re s e n c e  and  a b s e n c e  of KCI. It i s  a p p a ren t  th a t  
th e  s lo p e  o f th e  c u rv e s  in c r e a s e  in  th e  a b s e n c e  of KCI a n d ,  fu r th e r ,  t h a t  
th e  in a c t iv a t io n  c u rv e s  a re  b iphars ic . Also i t  sh o u ld  b e  no ted  th a t  th e  
more th e rm o s ta b le  p o r t io n s  of th e  c u rv e s  a re  n early  p a r a l l e l .  T h ese  
d a ta  d e m o n s tra te d  a  s t a b i l i z a t io n  of th e  enzym e by p o ta s s iu m  and  
th a t  h e a t  I n a c t iv a te d  e i th e r  m u lt ip le  co m p o n en ts  or s i t e s  on th e  e n z y m e .
The u s e  of a  20 m inute  h e a t  t r e a tm e n t  a t  50 C p e rm itted  a  re la t iv e  
m easu re  o f th e  a b i l i ty  of d if fe ren t  s a l t s ,  s u b s t r a t e s ,  py rid oxa l p h o s p h a te ,  
and  r e a c t io n  p ro d u c ts  to  p ro tec t  th e  enzym e from tem p e ra tu re  In a c t iv a t io n  
(Table 19). The sam e p a t te rn  of in h ib i t io n  by sod ium  and  l i th ium  ion s  
(Table 17) may be  s e e n  in  th e  a c t iv i ty  of u n h e a ted  e n z y m e . It i s  c le a r  
th a t  th e  brom ine and  io d in e  a n io n s  a re  Inh ib ito ry  to  th e  s y s te m .  It 
sh o u ld  be  no ted  th a t  ev en  th o s e  s a l t s  th a t  w e re  in h ib ito ry  w e re  a b le  to  
p ro tec t  a g a in s t  h e a t  in a c t iv a t io n .  Tetram ethylam m onium  c h lo r id e  i s  of 
p a r t ic u la r  in te r e s t  s in c e  i t s  e f fe c t  may be  a t t r ib u te d  so le ly  to  io n ic  
s t r e n g th .  It i s  s ig n i f ic a n t  th a t  th e  c o e n z y m e , p y rid o x a l p h o s p h a te ,  
p ro te c te d  to  an  e x te n t  of 8 4 .5  per  cen t  and  th a t  py ridox a l p h o s p h a te ,  
2 -m e th y la la n in e ,  and  KCI in  co m b in a t io n  p ro te c te d  9 3 .2  per c e n t  of th e  
i n i t i a l  (unhea ted ) a c t iv i ty  during  h e a t in g  at 50 C for 20 m in u te s .  
A pparen tly  th e  c a ta ly t i c  s i t e  is  p ro te c te d  under  t h e s e  c o n d i t io n s .
P ra c t ic a l  u s e  of th i s  s tudy  w a s  m ade in  purify ing  th e  2 -m e th y la la n in e  
d e c a rb o x y la t ln g  enzym e or e n z y m e s .
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T a b le  19
A ctiv ity  rem ain ing  a f te r  h ea t in g  c e l lu la r  e x t r a c t  a t  50 C 
for 20 m in u tes  in  th e  p r e s e n c e  of v a r io u s  s a l t s  and  
r e a c t io n  m ixture  c o n s t i tu e n t s
Addition*
A c tiv i ty 0 
U n h e a te d  H e a te d
Per c e n t  a c t iv i ty  
rem a in in g 0
None 6 .7 0 3 .7 0 5 5 .0
0 .2  M KCI (1) 6 .3 7 5 .0 6 7 9 .5
0 .4  M KCI 6 .6 7 5 .3 1 7 9 .5
0 .4  M KBr 5 .6 0 3 .5 8 6 4 .0
0 .4  M K1 3 .4 5 '2 .70 7 8 .3
0 .4  M N aC l 4 .2 3 2 .6 8 6 3 .3
0 .4  M LiCl 1 .96 1 .43 7 3 .0
0 .4  M NH4C1 5 .5 0 2 .7 7 5 0 .5
0 .4  M (CH3)4 NC1 5 .8 5 4 .2 1 7 2 .0
10“4 M PLPd (2) 6 .3 4 5 .3 6 8 4 .5
10-3 M 2 -MAd (3) 6 .7 3 4 .7 3 7 0 .5
10 ”3 M P yruvate 6 .3 0 4 .6 4 7 3 .7
10“3 M A cetone 5 .7 8 4 .3 7 7 5 .5
{1), (2), and  (3) 6 .6 5 6 .2 0 9 3 .2
N o n e , d ia ly z e d  4 hr 3 .0 2 0 .9 4 3 1 .0
0 .4  M KCI, d ia ly z e d  4 hr 3 .1 8 3 .4 0 1 0 7 .0
a Enzyme w a s  a d d ed  to  th e  s a l t ,  coenzy m e , s u b s t r a t e , or r e a c t io n
p ro d u c t ,  m ixed an d  h e ld  for 90 m in u tes  a t  4 C b e fo re  h e a t  t r e a tm e n t .  
^ E x p re s se d  a s  ^im oles C O 2 per 0 .5  ml enzym e per  30 m in .
°R e la t iv e  to  u n h e a te d  p re p a ra t io n .
dP I^  i s  p y r id o x a l  p h o s p h a te ,  2-MA i s  2 -m e th y la la n in e .
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P u r if ic a t io n  of 2 -m e th v la la n in e  d e c a rb o x y la s e
Num erous a t te m p ts  to  purify  th e  p e r t in e n t  enzym e olr e n zy m es  
re s p o n s ib le  for th e  d e c a rb o x y la t io n  of 2 -m e th y la la n in e  w e re  m ade during 
th e  c o u rs e  of th i s  s tu d y .  T h ese  a t te m p ts  w e re  o f ten  u n s u c c e s s f u l  but 
som e s u c c e s s  w a s  a c h ie v e d  a f te r  c h a ra c te r iz in g  th e  enzym e in  th e  
c ru d e  s t a t e .  An exam ple  o f  th i s  w a s  th e  d e te rm in a t io n  of th e  amount 
o f  p ro tam ine  s u l f a te  req u ire d  to  p r e c ip i ta te  n u c le ic  a c id s  (F ig . 12).
T his  ex perim en t w a s  c a r r ie d  out by add in g  d ro p w ise  in c re a s in g  am oun ts  
o f p ro tam ine  s u l f a te  (2 per  cen t  in  0 .1  M p h o sp h a te  b u ffe r ,  pH 7 . 0 ) ,  to
5 . 0  ml of c e l lu l a r  e x t r a c t .  The p ro tam ine  s u l f a te  t r e a te d  e x t r a c t s  w ere  
a l lo w e d  to  s ta n d  in  th e  co ld  for one  hour and  th e n  w ere  c e n tr ifu g e d  a t
15 .0 00  rpm in  th e  S e rv a l l  RC-2 c e n tr i fu g e  (rotor S S -34) for 30 m in u te s .  
The su p e rn a ta n t  l iq u id  w a s  d e c a n te d  an d  a s s a y e d  for 2 -m e th y la la n in e  
d e c a rb o x y la s e  a c t iv i t y ,  p ro te in  c o n te n t ,  and  r e la t iv e  am ount of n u c le ic  
a c id  (280 /260  mji a b s o r b a n c e ) . T h ese  r e s u l t s  in d ic a te d  th a t  th e  a d d it io n  
of 12 mg of p ro tam ine  s u l f a te  per 100 mg of p ro te in  in  th e  c e l lu la r  
e x t r a c t  r e s u l te d  in  r e d u c t io n  of th e  le v e l  of n u c le ic  a c id s  and  .a s l ig h t  
i n c r e a s e  in  th e  s p e c i f i c  a c t iv i ty  of th e  e n z y m e .
The p ro to co l  fo l lo w ed  in  a r e p re s e n ta t iv e  p u r i f ic a t io n  sc h em e  w a s  
a s  fo l lo w s:
(1) P re p a ra t io n  of th e  c e l lu la r  e x tra c t  (as  d e s c r ib e d  in  th e
M a te r ia l s  and  M ethods s e c t i o n ) .
(2) C e n tr i fu g a t io n  in  th e  S p in co  M odel L u l tra c e n tr i fu g e  (rotor #50) 
for one  hour a t  3 0 ,0 0 0  rpm .
Figure  12. D e te rm in a t io n  of th e  le v e l  of p ro tam ine  s u l f a te  to  
u s e  to  rem ove n u c le ic  a c id s  from c e l lu la r  e x t r a c t s . 
2 -M e th y la la n ln e  d e c a rb o x y la s e  a s s a y e d  a s  show n . 
in  F igure  9 .  S p e c if ic  a c t iv i ty  d e f in e d  a s  | im o le s  
C O 2 pe r  mg p ro te in  per 60 m in. Sym bols :  s p e c i f ic  
a c t iv i ty  ( O ) ,  to ta l  p ro te in  ( A ) / a n d  2 8 0 /2 6 0  ( □ ) .
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(3) T rea tm en t of th e  c le a r  s u p e rn a ta n t  l iq u id  from s t e p  (2) w ith
12 mg of p ro tam in e  s u l f a te  p e r  100 mg of p ro te in ,  a s  d e s c r ib e d  
a b o v e ,  fo l lo w e d  by c e n t r i fu g a t io n  in  th e  S e rv a l l  R C -2  c e n t r i ­
fuge (ro tor S S -34) a t  1 5 ,0 0 0  rpm (2 7 ,0 0 0  x  g) for 20 m in u te s .  
C e n tr i fu g a t io n  in  th i s  m anner w a s  u s e d  ro u t in e ly  w h e re  
re q u ire d  in  th e  r e s t  of t h i s  s c h e m e .
(4) A ddition  of KC1 and  p y r id o x a l  p h o s p h a te  (0 .5  an d  10~4 M f in a l  
c o n c e n t r a t io n ,  r e s p e c t iv e ly )  to  th e  s u p e rn a ta n t  l iq u id  from s te p
(3) fo l lo w ed  by  h e a t  t r e a tm e n t  a t  50 C for f iv e  m in u te s .  The s e d i  
ment a f te r  c e n t r i fu g a t io n  w a s  e x t r a c te d  w ith  a  sm a ll  v o lu m e  o f  
0 .0 5  M p h o s p h a te  bu ffer  (two t im e s )  a n d  p o o le d  w ith  th e  s u p e r ­
n a ta n t  s o lu t io n .
(5) S e le c t iv e  p r e c ip i ta t io n  of p ro te in  f r a c t io n s  w i th  s o l id  amm onium  
s u l f a te  (enzym e g r a d e ,  o b ta in e d  from N u tr i t io n a l  B io c h e m ic a ls
_ C o rp .)  a f te r  th e  a d d i t io n  of 20 pe r  c e n t  (v /v )  1 .0  M p h o s p h a te  
buffer (pH 7 .5 )  an d  a d ju s t in g  th e  p ro te in  c o n te n t  to  10 m g /m l .  
The en zy m e  w a s  found in  th e  0 .0 0  to  0 .4 5  s a tu r a t io n  f ra c t io n ;  
i t  w a s  d i s s o lv e d  in  a  m inim al vo lum e of 0 .0 5  M p h o s p h a te  
b u ffe r .
(6) D ia ly s i s  a g a in s t  10~^ M p h o s p h a te  b u ffe r  (pH 7 .5) c o n ta in in g  
0 .2  M KC1 u n t i l  am m onia  w a s  no lo n g e r  d e te c te d  by N e s s le r s  
r e a g e n t ,  or th e  p a s s a g e  of th e  amm onium  s u l f a te  f r a c t io n  
th rough  a  S e p h a d e x  G -2 5  co lum n  e q u i l ib ra te d  w ith  th e  a b o v e  
b u f f e r .
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(7) A se c o n d  t rea tm e n t  w ith  p ro tam ine  s u l f a te  a s  d e s c r ib e d  in  
s te p  (3).
(8) A se co n d  p re c ip i ta t io n  w ith  ammonium s u l f a te  a s  d e s c r ib e d  
in  s te p  (4), fo llow ed  by c e n t r i fu g a t io n  and  d i a l y s i s .  The 
g r e a t e s t  am ount of th e  enzym e w a s  found in  th e  0 .3 0  to  0 .6 0  
s a tu ra t io n  f rac tio n ;  h o w e v e r ,  som e a c t iv i ty  w a s  in  th e  0 .0 0  
to  0 .3 0  f ra c t io n .
A summary of p e r t in e n t  d a ta  o b ta in e d  during th e  c o u rs e  of purify ing  2 -  
m e th y la lan in e  d e c a rb o x y la se  i s  show n in  T ab le  2 0 .  An o v e ra l l  p u r i f ic a ­
t io n  of 10-fo ld  w a s  a c h ie v e d  w ith  59 pe r  cen t  of th e  enzym e a c t iv i ty  
re c o v e re d .  T h e se  d a ta  s u g g e s te d  th a t  th e  2 -m e th y la la n ln e  d e c a rb o x y la t -  
lng enzym e may b e  a  s in g le  p ro te in .
D e n s i ty  g rad ie n t  an d  k in e t ic  a n a ly s i s  of p a r t ia l ly  p u r if ied  
2 -m e th v lf t lan in e  d e c a rb o x y la s e
The r e s u l t s  of a l in e a r  5 -2 0  p e r  c e n t  s u c ro s e  d e n s i ty  g rad ie n t  
(a lso  c o n ta in in g  0 .2  M KCl) c e n t r i fu g a t io n  s tudy  a re  show n in  F igure  13.
A volum e of 0 .2  ml of p a r t ia l ly  p u rif ied  enzym e (through th e  f i r s t  
ammonium s u l f a te  f ra c t io n a t io n ) ,  c o n ta in in g  ab o u t  4 . 0  mg of p ro te in ,  
to g e th e r  w ith  about 40 jjg of c ry s ta l l in e  c a t a l a s e ,  w a s  c a re fu l ly  la y e re d  
on  top  of th e  g r a d ie n t .  A Sp inco  M odel L-2 u l tra c e n tr i fu g e  w a s  em ployed  
a t 3 5 ,0 0 0  rpm (rotor SW -39) for 16 h o u r s .  The te m p era tu re  w a s  h e ld  a t  
3 C .  A to ta l  o f  3 4 .7  f r a c t io n s ,  e a c h  co n ta in in g  10 d ro p s ,  w e re  c o l ­
l e c te d  by  punc tu ring  th e  bottom  of th e  lu s te ro id  tu b e .  The ev en -n u m b ere d
T ab le  20












R ecovery  
p e r  c e n t
Fold
purif ied
1. C e llu la r  e x tra c t 102 .0 2 0 .2 2040 0 .022 4 4 .8 1 0 0 .0 --------
2 .  High s p e e d  su p e rn a ta n t 9 2 .5 18.4 1700 0 .0 2 4 4 0 .8 9 1 .0 1 .14
3 .  T reatm ent w ith
protam ine su lfa te 9 9 .0 15 .6 1540 0 .02 7 4 1 .5 9 2 .5 1 .23
4 .  H e a te d  a t  50 C for 5 min*5 9 3 .0 10.4 970 0 .0 3 8 3 7 .4 8 3 .5 1 .68
5 .  Ammonium su lfa te  
p re c ip ita t io n
a .  0 .0  -  0 .4 5 14 .1 2 4 .0 338 0 .0 7 2 2 4 .3 * 3 .2 9
b .  0 . 4 5 - 0 . 6 5 12.1 2 4 .0 290 0 .0 -------- i _____ --------
c . 0 .6 5  -  0 .9 0 13 .4 14 .0 188 0 .005 0 .9 -------- -------
6 .  Treatm ent of 5 a .  w ith  
pro tam ine s u l f a te 0 2 3 .3 12 .0 280 0 .1 1 9 3 3 .3 7 4 .0 5 .4 0
7 . Ammonium su l fa te  
p re c ip i ta t io n
a .  0 .0  -  0 .3 0 4 .3 16 .8 72 0 .1 14 8 .2 1 8 .3
b .  0 .3 0  -  0 .6 0 7 .2 2 4 .0 173 0 .215  , 2 6 .6 5 9 .4 9 .8 0
c .  0 .6 0  -  0 .S 0 3 .1 4 .0 12 0 .1 0 0 1 .2 2 .7 --------
S p e c i f i c  a c t iv i ty  de fined  a s  m oles C 0 2 /m g /m in .
^ H ea ted  in  the  p re s e n c e  o f  0 .5  M KC1.
c Buffer e x tra c te d  sed im en t from s te p  4 added  back  before  t rea tm en t  w ith  p ro tam ine  s u l f a t e .
Figure  13 . S u c ro se  (5-20%) d e n s i ty  g rad ie n t  a n a ly s i s  of p a r t ia l ly  
p u rif ied  2 -m e th y ia la n in e  d e c a rb o x y la s e .  S ee  R e su lts  
s e c t io n  for e x p e r im e n ta l  d e t a i l s .  Enzyme a s s a y  w a s  
c a r r ie d  ou t a s  show n in  F igure  9 .  C a ta l a s e  w a s  
a s s a y e d  for by  a c h an g e  in  a b s o rb a n c e  a t  240 mp. 
P ro te in  p ro f i le  w a s  d e te rm ined  by a b so rb a n c e  a t  280 mp. 
S ym bols ;  2 -m e th y ia la n in e  d e c a rb o x y la s e  a c t iv i ty  
























f ra c t io n s  w e re  a s s a y e d  for c a t a l a s e  w ith  H 20 2  a s  s u b s t r a t e  by m easu ring  
th e  c h a n g e  in  a b so rb a n c y  a t 240 mji in  th e  Beckm an M odel DB s p e c t r o ­
p h o to m e te r .  The o d d -n u m b ered  f ra c t io n s  w e re  a s s a y e d  for 2 -m e th y ia la n in e  
d e c a rb o x y la s e .  The fac t  th a t  th e  2 -m e th y ia la n in e  d e c a rb o x y la t in g  enzym e 
c a n  b e  s e p a r a te d  from th e  bu lk  of th e  p ro te in  a p p l ie d  to  th e  g ra d ie n t  is  
c l e a r  from th e s e  d a ta ;  m oreover, it  w ou ld  a p p e a r  th a t  one  enzym e  i s  
r e s p o n s ib le  for th e  d e c a rb o x y la t io n  d e p e n d e n t  t r a n s a m in a t io n  of 2 -  
m e th y la la n in e .
If one  a s s i g n s  a se d im e n ta t io n  c o n s ta n t  of 11 .3  S vedberg  u n i ts  to  
c a t a l a s e  and  u s in g  th e  d im e n s io n s  rep o r te d  by M artin  and  Ames (1961) for 
th e  SW -39 ro to r ,  th e  se d im e n ta t io n  c o n s ta n t  of 2 -m e th y ia la n in e  d e ­
c a rb o x y la s e  may be  c a lc u la te d  to  be  8 . 5 .  A ssum ing  th a t  th e  enzym e  
i s  s p h e r ic a l  a n d  h a s  a p a r t ia l  s p e c i f ic  vo lum e of 0 .7 2 5  cm Vg and  tak in g  
th e  m o lecu la r  w e ig h t  of c a t a l a s e  a s  2 5 0 ,0 0 0 ,  a  m o lecu la r  w e ig h t  of
142 ,000  for 2 -m e th y ia la n in e  d e c a rb o x y la s e  i s  o b ta in e d .
F in a lly  th e  d a ta  for th e  c a lc u la t io n  of th e  M ic h a e l i s  c o n s t a n t s  for 
th e  tw o s u b s t r a t e s ,  2 -m e th y ia la n in e  an d  p y ru v a te ,  and  th e  c o en z y m e , 
py ridoxal p h o s p h a te ,  a re  p re s e n te d  in  F igu res  14, 15, an d  16. The 
enzym e p re p a ra t io n  u se d  for th i s  s tu d y  w a s  10 -fo ld  p u rif ied  and  had  
b e e n  d ia ly z e d  a g a in s t  a buffer c o n ta in in g  0 .2  M KC1. The M ic h a e l i s  
c o n s ta n t s  w e re  ta k e n  from d o u b le  r e c ip ro c a l  p lo ts  (L inew eaver and  
Burk, 1934). The M ic h a e l is  c o n s ta n t s  for 2 - m e th y ia la n in e  and py ruva te  
sh o u ld  b e  te rm ed  a p p a ren t  M ic h a e l i s  c o n s ta n t s  s in c e  th ey  w ere  o b ta in e d
F igure  14. D ouble  r e c ip ro c a l  p lo t for th e  d e te rm in a t io n  of th e
M ic h a e l is  c o n s ta n t  of 2 -m e th y ia la n in e .  The v e lo c i ty  
w a s  m ea su re d  a s  th e  pm o les  C O 2 p ro duced  during 15 
m in u te s .  The r e a c t io n  m ixture c o n ta in e d :  2 - m e th y l -  
a la n in e  (1 .4  to  56 u m o le s ) ,  20 p m o le s  of sodium  
p y ru v a te ,  0 .5  prfioles o f p y r id o x a l  p h o s p h a te ,  0 .5  ml 
of 0 .0 5  M T r is -H C l b u ffe r ,  pH 7 . 8 ,  an d  0 .3  ml of 
enzym e from s te p  7 b .  of T ab le  20 (the enzym e p re p a ra ­
t io n  had  b e e n  d ia ly z e d  a g a in s t  0 .2  M KC1). D i s t i l l e d  
w a te r  w a s  added  to  make a  f in a l  vo lum e o f  2 .8  ml;
0 .2  ml of 10% TCA w a s  a d d ed  to  s to p  th e  r e a c t io n  and  
l ib e ra g e  th e  C O 2 .
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Figure  15. D ouble  r e c ip ro c a l  p lo t for th e  d e te rm in a tio n  of th e  
M ic h a e l is  c o n s ta n t  of p y ru v a te .  E xperim enta l 
p ro ced u re  w a s  id e n t ic a l  to  th a t  show n for F igure  14, 
e x c e p t  th a t  py ruv a te  (sodium  sa l t )  w a s  a d d ed  to  th e  
r e a c t io n  m ixture  o v e r  th e  c o n c e n tra t io n  ran g e  of 1 .4  
to  2 2 .4  p m o le s .  2 -M e th y ia la n in e  w a s  a d d ed  a t 
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Figure  16. D ouble  r e c ip ro c a l  p lo t  for th e  d e te rm in a t io n  of th e
M ic h a e l is  c o n s ta n t  of p y r id o x a l  p h o s p h a te .  E xperi­
m en ta l p roced u re  w a s  id e n t i c a l  to  th a t  show n for 
F igure  14 e x c e p t  th a t  th e  enzym e w a s  p u rif ied  bey ond  
s te p  7 b .  of T ab le  20 by d e n s i ty  g ra d ie n t  c e n t r i fu g a t io n .  
The enzym e w a s  d ia ly z e d  12 hou rs  a g a in s t  bu ffered  
0 .2  M KC1. 2 -M e th y ia la n in e  and  p y ru v a te  w e re  a d d ed  
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a t  s a tu ra t in g  but  not  in f in i t e  l e v e l s  of o o - su b s t r a t e .  The M ic h a e l i s  
c o n s t a n t  for p y r id o xa l  p h o s p h a te  w a s  re a d i ly  o b ta in e d  due  t o  t h e  f ac t  
t h a t  py r id ox a l  p h o s p h a te  co u ld  b e  e a s i l y  rem oved  by shor t  term d i a l y s i s  
A M i c h a e l i s  c o n s t a n t  of 4 . 5  x  10“ 3 M w a s  o b ta in e d  for 2 - m e t h y l -  
a l a n i n e .  This  v a lu e  w a s  c a l c u l a t e d  from th e  d a ta  g rap h e d  i n  Figure  14; 
th e  c o - s u b s t r a t e , p y r u v a t e ,  and  t h e  c o e n z y m e ,  py r idoxa l  p h o s p h a t e ,  w e re  
a t  s a tu r a t in g  l e v e l s .  The upward  sw ing  of t h e  cu rv e  sho w n  for th e  e x p e r i ­
ment in  w h ic h  p y ruva te  w a s  v a r i e d ,  a t  s a tu r a t in g  l e v e l s  of  2 -m e th y ia l a n in e  
and  c o e n z y m e ,  may r e p r e s e n t  sodium in h ib i t io n  ( the h ig h e s t  l e v e l  of 
sod ium  p y ru v a te  ad d ed  w a s  0 .0 0 8  M) or s u b s t r a t e  i n h ib i t io n .  A t y p ic a l  
p lot  w a s  o b ta in e d  w h e n  py r idoxa l  p h o s p h a t e  w a s  v a r i e d . The M ic h a e l i s  
c o n s t a n t  for py r idoxa l  p h o s p h a te  w a s  c a l c u l a t e d  to  b e  3 . 0  x  10“3 m .
DISCUSSION
Enrichment  cu l tu r ing  for  th e  I s o l a t i o n  of m ic roo rgan ism s  s p e c i f i c a l l y  
and  e x c e p t io n a l ly  w e l l - s u i t e d  for a  g iv e n  env ironm ent  h a s  b e e n  em ployed  
i n  t h e  f i e ld  of b a c te r io lo g y  for ov e r  h a l f  a  c e n t u r y .  That  2 -m e th y l  amino 
a c i d s  w e r e  s u s c e p t i b l e  to  m e tab o l ic  a t t a c k  w a s  s u g g e s t e d  by t h e  ea r ly  
work  of Ehrlich  (1908),  d e n  Dooren  d e  Jong (1926),  a n d  more r e c e n t ly  
by C h r i s t e n s e n  and  Jo n e s  (1961).  It w a s  not  s u r p r i s in g ,  th e r e f o r e ,  t h a t  
a  b a c te r iu m  c a p a b le  of u t i l i z in g  2 - m e th y ia l a n in e  a s  a  s o l e  so u rc e  of 
c a rb o n  c o u ld  b e  i s o l a t e d ,  e v e n  th ough  t h i s  compound  h a s  b e e n  repo r ted  
to  b e  m e ta b o l i c a l ly  ine r t  in  mammalian  t i s s u e s  (Leighty and  C o r le y ,
1937; N o a l l  et  a l . ,  1957).
The so i l  b a c te r iu m  w h ich  w a s  i s o l a t e d  during t h i s  s tudy  w a s  
c l a s s i f i e d  a s  a member of th e  g e n u s  P s e u d o m o n a s . This  c l a s s i f i c a t i o n  
w a s  made a f te r  c o n s id e r a t io n  of th e  p o s s ib i l i t y  of a s s i g n i n g  th e  i s o l a t e  
to  one  of th e  g e n e r a  of th e  order  E u b a c t e r l a l e s . At f i r s t ,  c l a s s i f i c a t i o n  
of t h e  o rg an ism  a s  a p seu d o m o n ad  w a s  q u e s t i o n a b le  due  to  th e  l a c k  of 
moti l i ty  a nd  p ig m e n ta t io n  w hen  c u l tu r e d  in  a v a r i e ty  of m e d ia .  How­
e v e r ,  t h e  o r g a n i s m s '  s t rong o x id a t iv e  ab i l i ty  on  c a r b o h y d r a te s  and 
c e r t a i n  o th e r  b io c h e m ic a l  c h a r a c t e r i s t i c s  led  to  the  c l a s s i f i c a t i o n  of 
t h e  o rgan ism  a s  a  member of the  g e n u s  P seu d o m o n a s  (Breed e t  a l . , 1957).
This  c l a s s i f i c a t i o n  may be  s u b je c t  to  c h a l l e n g e  b e c a u s e  th e  
c l a s s i f i c a t i o n  of h e t e r o t r o p h i c , G r a m - n e g a t i v e ,  a s p o r o g e n o u s , rod
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or ro d - l ik e  b a c t e r i a  i s  p re sen t ly  somewhat  c o n f u s e d . DeLey in  a  recen t  
review (1964) s t a t e s  t h a t  c l a s s i f i c a t i o n  of b a c te r i a  of the  fam il ies  
P seu do m o n a d ac ea e  a nd  A chrom obac te r iaceae  i s  not ve t  r e s o lv e d .  This 
au tho r  c i t e s  problems in  c h a r a c t e r i z a t io n ,  " . .  .only  in  a few c a s e s  can  
g e n e ra  be  r e c o g n iz e d  e a s i l y  by one  of a few s t r ik ing  p r o p e r t i e s . . .  
s e m a n t i c s ,  " . .  . th re e  s tan dard  m anua ls  on b a c t e r i a l  c l a s s i f i c a t i o n . . .  
qu i te  of ten  provide different  d e f in i t io ns  for s e v e ra l  genera  and ev en  
d ifferent  n a m e s . . and  c l a s s i f i c a t i o n ,  " . .  . th re e  s tand ard  manuals  
a l s o  differ c o n s id e ra b ly  in  the i r  a r rangem en ts  ot th e  genera  in to  t r i b e s ,  
f a m i l i e s , and  o r d e r s . . . .  " ,
On th e  b a s i s  of th e  de te rm ina t ive  sc h em e  proposed  by Shew an ,  
H obbs ,  and H odgk iss  (1960) the  2 -m e th y la l a n in e -u t i l i z in g  i s o l a t e  could  
be  p la c e d  in  the  g e n u s  Achromobacter .  This w a s  c o n s id e r e d ,  a s  w a s  the  
p o s s ib i l i ty  of p lac ing  the  bacter ium  in the  g e n u s  A lc a l laen es :  how ever ,  
th e  i s o l a t e  ap p ea red  markedly d i s s im i la r  to  th e  two r e s p e c t iv e  type  
s p e c i e s  (Breed e t  a l . , 1957). If the  i s o l a t e  w ere  c l a s s i f i e d  a s  an 
ach rom obac te r ,  it  most c lo s e ly  r e sem b le s  Achromobacter  p a r v u l u s . 
A lc a l la en e s  m e ta l c a l i a e n e s  i s  th a t  member of the  gen us  A lca l iqenes  
which  is  most s im i la r  to  the  2 -m e th y ia lan ine  i s o l a t e .
The m echan ism  by which  the  organ ism  is  ab le  to  grow at  the  
e x p e n s e  of 2 -m e th y ia lan in e  a p p ea rs  to  involve  a  deca rb ox y la t io n  
dependen t  t r an sam in a t io n  of 2 - m e th y ia l a n in e .  The products  of th i s  
r ea c t io n  are  c a rbon  d io x id e ,  a c e to n e ,  and  th e  pyridoxamine form of
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th e  in v o lv e d  e n z y m e .  The p y r i d o x a l - c a t a l y z e d  c l e a v a g e  of 2 - m e t h y l -  
a l a n in e  to  c a rb o n  d io x id e ,  a c e t o n e ,  a n d  pyr idoxam ine  ( rea c t io n  2 of 
Kalyankar  and  S n e l l ,  1962) i s  c o n s id e r e d  to  b e  a  n o n - e n z y m a t i c  p r e c e ­
den t  for th e  m echan ism  of 2 - m e th y ia l a n in e  c a t a b o l i s m  s u g g e s t e d  a b o v e .
The m ech an ism  of  th e  p y r i d o x a l - c a t a l y z e d  c l e a v a g e  of amino a c i d s  
to  c a rb o n  d io x id e  and  a n  a m in e ,  p ro p o se d  by M e tz l e r  e t  a l .  (1954), 
a s c r i b e d  no e s s e n t i a l  ro le  to  th e  cc -h y d ro g en  a tom  of th e  amino  a c i d .  
M a n d e le s  e t  a l .  (1954) p roved  th a t  th e  cC-hydrogen w a s  r e t a in e d  during 
en zy m a t ic  d e c a rb o x y la t io n  in  deu te r ium  ox ide  a n d ,  t h e r e f o re ,  w a s  not 
e s s e n t i a l  for d e c a r b o x y la t i o n .  The s u g g e s t i o n  th a t  th e  enzym e d i s c u s s e d  
in  t h i s  d i s s e r t a t i o n  o p e r a t e s  by a m echan ism  very  s im i la r  to  or i d e n t i c a l  
wi th  a  n o n - e n z y m a t i c  model r e a c t io n  i s  common in  t h e  f ie ld  of pyr idoxal  
p h o sp h a te  enzy m o lo g y .  The h y d ro x y m e th y l t r a n s fe ra se  repo r ted  by 
W i l s o n  a n d  Sne l l  ( 1 9 6 2 a , b ) , for e x a m p le ,  r e p r e s e n t s  th e  e n zym at ic  
e q u iv a le n t  of  th e  n o n -e n z y m a t ic  p y r i d o x a l - c a t a l y z e d  c l e a v a g e  of 2 -  
m e th y lse r in e  s tu d i e d  by L ongenecker  e t  a l .  in  1954. The d e m o n s t ra t io n  
of n o n - e n z y m a t i c  and en zy m a t ic  s y s t e m s  amply  suppor t  t h e  c re d ib i l i ty  of 
e n zy m es  a c t iv e  on m e t h y l - s u b s t i t u t e d  amino a c i d s .
On th e  b a s i s  of th e  r e s u l t s  repo r ted  in  t h i s  d i s s e r t a t i o n  one  may 
v i s u a l i z e  the  m echan ism  a s  p ro ceed in g  by S c h i f f ' s  b a s e  formation  b e ­
tw e e n  2 - m e th y ia l a n in e  a n d  th e  c o e n z y m e ,  py r id o xa l  p h o s p h a t e .  The 
amino a c id  may th e n  be  d e ca rb o x y l  a t  e d , a nd  th e  re s u l t in g  s u b s t r a t e -  
co en zy m e  com p lex  co u ld  be  e n z y m a t i c a l ly  d i r e c te d  in to  one  of two
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p o s s i b l e  s t a b i l i z e d  S c h i f f ' s  b a s e  s t r u c t u r e s .  O ne  of t h e s e  ( s t ru c tu re  III 
of Kalyankar  and  S n e l l , 1962) upon h y d ro ly s i s  w ou ld  form a n  a m in e ,  in  
t h i s  c a s e  i so p ro p y la m in e ,  a n d  th e  a ld e h y d e  form of th e  coenzym e;  
w h e r e a s  t h e  o th e r  S c h i f f ' s  b a s e  ( s t ru c tu re  IV of Kalyankar  a n d  S n e l l ,
1962) w o u ld  y ie ld  a  k e to  com pound ,  a c e t o n e ,  and  th e  am ine  form of  th e  
coenzym e  a f te r  h y d r o l y s i s .  Enzymatic  con tro l  favor ing  t h e  l a t t e r  r e a c t i o n  
co u ld  e x p la in  the  r e s u l t s  of th e  p r e s e n t  s t u d y .  The s t im u la to ry  e f fe c t  of 
a  k e to  a c i d ,  p resum ab ly  req u i red  to  r e g e n e r a t e  the  a ld e h y d e  form of  th e  
c oen zy m e  by t r a n s a m in a t io n ,  su p p o r t s  t h i s  v i e w .  S in c e  no f ree  i s o p r o -  
p lyam ine  w a s  d e t e c t e d  in  2 - m e th y ia l a n in e  m e tabo l iz ing  s y s t e m s ,  and  
s in c e  t h i s  compound w a s  not o x id iz e d  by w h o le  c e l l s  or c e l l u l a r  
e x t r a c t s ,  th e  e n z y m a t i c  format ion  oi i so p ro p y lam in e  and  th e  r e g e n e ra t io n  
of py r idoxa l  p h o sp h a te  a p p e a r  d o u b t fu l .  1} sh o u ld  be  m en t ioned  a t  t h i s  
point  th a t  p re l im inary  a t t e m p ts  t o  t r a n s a m in a t e  i so p ro p y lam ine  with 
c e l lu l a r  e x t r a c t s  w a s  u n s u c c e s s f u l .  The inh ib i to ry  e f fe c t  of d iv a le n t  
c a t i o n s  i s  in  a c c o rd a n c e  w ith  the  r e s u l t s  of K alyankar  and  S n e l l  (1962) 
th a t  d iv a le n t  c a t io n s  markedly  in h ib i t e d  t h e  model d e ca rb o x y la t io n  
d ep en d e n t  t r a n s a m in a t io n  s y s t e m .
The d e c a rb o x y la t io n  d ep en d e n t  t r a n s a m in a t io n  of 2 -m e th y ia la n in e  
s h o u ld  p ro c e e d  w i thou t  oxygen  up take ;  t h e r e f o r e , ox ygen  u p tak e  m easu re d  
in  w h o le  c e l l  e x p e r im en ts  p robably  r e p r e s e n t s  t h e  o x id a t io n  of a c e t o n e .  
Reports  in  the  l i t e ra tu re  i n d i c a t e  th a t  in an im al  t i s s u e s  a c e to n e  i s  
a c t iv e ly  m e ta b o l i z e d .  U s in g  in t a c t  r a t s ,  P r ice  and  Ri t tenberg  (1950)
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d e m o n s t r a te d  a  c l e a v a g e  of a c e to n e  to  form a  two c a rb o n  f ragm ent ,  w h ich  
e n te r e d  th e  " a c e ty l "  p o o l .  Sakam i  (1950) h a s  sh ow n  t h a t  t h e  methyl  
g ro u p s  o f  a c e to n e  may be  u s e d  by ra t  t i s s u e s  for  th e  s y n t h e s i s  of t h e  
^  - c a r b o n  of s e r in e  an d  th e  methyl  g roups  of m eth ion ine  a nd  c h o l i n e .
Also u s in g  ra t  t i s s u e s ,  Rudney in  1954 sh o w ed  th a t  p ro p an e d io l  p h o s ­
p h a te  w a s  a n  in te rm e d ia te  in  a c e to n e  c a t a b o l i s m .  In e a c h  of th e  above  
rep o r t s  a l l  th re e  c a rbo n  a tom s of  a c e to n e  w e re  found to  be  in v o lv e d  in  
ca rb o h y d ra te  s y n t h e s i s .
The m e tab o l i sm  o f  ( 1 , 3 - C 1^) a c e to n e  by p la n t  t i s s u e s  w a s  ex am ined  
by C o s s i n s  in  1963. It w a s  found th a t  th e  l a b e l e d  methyl  g ro u ps  w ere  
rap id ly  in co rp o ra te d  in to  ca rb on  d i o x id e ,  o rg an ic  a c i d s ,  amino  a c i d s ,  
and  l i p i d s .  The p r e s e n c e  of l a b e l e d  a c e t a t e  and  formate  in  th e  o rg an ic  
a c i d s  e x t r a c t e d  from a c e to n e  m e tab o l iz in g  p lan t  t i s s u e s  might i n d i c a t e  
a  s p l i t t i n g  of a c e to n e  in to  one  a n d  tw o  c a rbo n  f ragm en ts  s im i la r  to  th a t  
repea ted  by P r ice  and  Ri t tenberg  (1950) .
The report  of Levine and Krampitz (1952) th a t  a s o i l  d iph the ro id  
w a s  c a p a b le  of ox id iz ing  a c e to n e  i s  a l s o  s i g n i f i c a n t .  They found th a t  
t h e  a b i l i ty  of th e  bac te r ium  to o x id iz e  a c e to n e  w a s  a d a p t iv e ,  requir ing  
growth o f  th e  o rgan ism  in  i t s  p r e s e n c e .  They m en t io n ed ,  in  f a c t ,  tha t  
c e l l s  o b t a in e d  from c u l tu r e s  c o n ta in in g  more t h a n  0 .0 1  per  c e n t  of 
y e a s t  e x t r a c t  w e re  i n c a p a b l e  of ox id iz in g  a c e t o n e .  This  phenom enon  
w a s  o b s e rv e d  in  t h e  c a s e  of 2 - m e th y ia l a n in e  o x id a t io n  (Table  4 ) .
Lev ine  and  Krampitz (1952) a l s o  s h o w e d ,  u s in g  a d a p t iv e  e n zy m e  and
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i s o t o p i c  e x p e r i m e n t s ,  t h a t  a c e t o l  a n d  a c e t a l d e h y d e  bu t  not  p ro p a n e d io l  
w e r e  i n t e r m e d i a t e s  i n  t h e  o x id a t io n  of a c e t o n e .
The m anner  in  w h ic h  t h e  e x p e r im e n ta l  o r g a n i s m  c a t a b o l i z e s  a c e t o n e  
i s  not  known; h o w e v e r ,  t h e  f a c t  t h a t  th e  2 - m e t h y i a l a n i n e  d e c a r b o x y l a s e ,  
t h e  a c e to n e  o x id iz in g  e n zy m e  or e n z y m e s ,  or  b o t h ,  r e p r e s e n t  a d a p t iv e  
e n z y m e s  i s  c l e a r  (T ab les  4 a n d  5 ) .  It  w a s  o b s e r v e d  th a t  th e  e n zy m e  
s y s t e m  for t h e  o x id a t io n  of a c e t o n e  w a s  r e n d e r e d  i n a c t i v e  upon t h e  
p r e p a r a t i o n  of c e l l u l a r  e x t r a c t s ,  a n d  a l s o  th a t  th e  a b i l i t y  of w h o le  c e l l s  
t o  o x i d i z e  a c e t o n e  a f t e r  b e in g  h e ld  for  a  p e r io d  o f  w e e k s  a t  -23  C d e ­
c r e a s e d  f a s t e r  t h a n  t h e i r  a b i l i ty  to  d e c a r b o x y l a t e  2 - m e t h y i a l a n i n e .
The f a c t  t h a t  2 - m e t h y ia l a n i n e  d e c a r b o x y l a s e  c o u ld  be  p u r i f ie d  
1 0 - fo ld  a n d  s e d i m e n te d  in  a 5 to  20 pe r  c e n t  s u c r o s e  g r a d ie n t  during  
c e n t r i f u g a t i o n  a s  a  s i n g l e  a c t i v e  s p e c i e s  s u g g e s t s  th a t  t h e  d e c a r ­
boxylase i s  a s i n g l e  e n z y m e .  This  i s  s i g n i f i c a n t  s i n c e  bo th  a  d e c a r ­
b o x y la t io n  a n d  a t r a n s a m in a t io n  a re  c a t a l y z e d  by th e  e n z y m e .  In t h i s  
c o n n e c t i o n  th e  m u l t i fu n c t io n a l  c h a r a c t e r i s t i c s  of c e r t a i n  p y r ido x a l  
p h o s p h a t e  e n z y m e s  i s  of i n t e r e s t .  N ew ton  a n d  S n e l l  (1964) h a v e  
d e s c r i b e d  th e  m u l t ip le  fu n c t io n s  of a  c r y s t a l l i n e  t r y p t o p h a n a s e , p r e ­
p a re d  from 5_* c o l l . to  i n c lu d e  t h e  a t - (5 e l i m in a t i o n s  of w a t e r  from 
L - s e r i n e ,  L - c y s t e i n e ,  a n d  S - m e t h y l - L - c y s t e i n e .  N o v o g r a d s k y ,  
N is h im u r a ,  a n d  M e i s t e r  (1963) r e p o r t e d  t h a t  a h igh ly  p u r i f ie d  a s p a r t i c  
a c i d  ^ - d e c a r b o x y l a s e  o b t a i n e d  from A l c a l lo e n e s  f a e c a l i s  a c t e d  bo th  
a s  a  g e n e r a l  am in o  a c i d  t r a n s a m i n a s e  and  a n  a s p a r t i c  a c i d
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d e c a r b o x y l a s e .  In a  su b s e q u e n t  p u b l ic a t io n  Novogradsky  a n d  M e is t e r  
(1964) d e te rm ined  th a t  th e  same a c t iv e  s i t e  p a r t i c ip a te d  in  both  r e a c ­
t i o n s ,  one  of w h ich  ( t ransam ina t ion)  w a s  c a p a b le  of de s t ro y in g  or 
r e g e n e ra t in g  th e  coen zy m e  n e c e s s a r y  for t h e  o th e r .  The ra t io  of th e  
r a te  of d e c a rb o x y la t io n  to  t r a n s a m in a t io n  (with e c - k e to g lu t a r a t e )  a t  
pH 5 .0  w a s  500; t h i s  v a lu e  v a r ied  w i th  pH .  The a u tho rs  s u g g e s t  th a t  
t h i s  phenom enon  may se r v e  a s  a  con tro l  on d e c a r b o x y la s e  a c t i v i t y .
A cu r io u s  a s p e c t  of pyr idoxal  p h o sp h a te  c a t a l y s i s  i s  t h e  fac t  
th a t  pur i f ied  e n z y m e s ,  u n re la te d  in  func t ion  to  t r a n s a m i n a s e s ,  c a n  in  
some c a s e s  a c t  a s  t r a n s a m in a s e s  w h e n  su p p l i e d  w i th  pyr idoxal  p h o s ­
pha te . .  W a k sm a n  and Roberts  (1963) have  r e c e n t ly  show n  th a t  d i a p h o r a s e ,  
b e e f  hea r t  l a c t i c  d e h y d ro g e n a s e ,  and  y e a s t  a lc o h o l  d e h y d ro g e n a s e ,  
t r a n s a m in a te  a s p a r t i c  and g lu tam ic  a c id  at abo u t  f ive  per  c en t  th e  ra te  
of puri f ied  a s p a r t i c -  o C - k e to g lu ta r i c  t r a n s a m in a s e  . P h o s p h o ry la se  A 
t r a n s a m in a te d  at  20 per  cen t  of th e  ra te  of th e  t r a n s a m in a s e  d e s c r ib e d  
a b o v e .
That  2 - m e th y ia la n in e  d e c a rb o x y la s e  may be s e p a r a t e d  from the  
c o e n z y m e ,  py r idoxa l  p h o s p h a t e ,  so e a s i l y  (Fig.  9) i s  im por tan t .  This  
i n d i c a t e s  th a t  t h e  pyr idoxal  p h o s p h a te  i s  p robably  not bound to  the  
enzym e by a  S c h i f f ' s  b a s e  through the  te rm in a l  amino group of l y s i n e .
Such a n  a t t a c h m e n t  to  th e  p ro te in ,  a s  h a s  b e e n  show n  for o the r  t r a n s ­
a m in a s e s  (H ug h es ,  J e n k in s ,  and  F i s c h e r ,  1962), wou ld  b ind  the  
pyr idoxal  p h o sp h a te  in  a n o n - d l a ly z a b le  form. S p e c t r a l  ex am in a t io n
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of  a  h igh ly  pur i f ied  p rep a ra t io n  of t h e  enzym e for t h e  c h a r a c t e r i s t i c  
a b so rb a n c y  of t h e  l y s i n e - p y r i d o x a l  p h o s p h a te  S c h i f f ' s  b a s e  a t  415 mji 
(Dempsey a n d  C h r i s t e n s e n , 1962) would  probab ly  b e  n e g a t iv e .
It would  a p p e a r  from t h e  d a ta  g rap h e d  in  Figure  9 t h a t  KC1 p la y s  
a  ro le  in  th e  conform at ion  ot  th e  a c t i v e  s i t e .  It i s  c l e a r  t h a t  25 pe r  
c e n t  more en zym e  a c t iv i t y  i s  a t t a i n e d  w h en  enzym e d ia ly z e d  for th re e  
hours  i s  a s s a y e d  in  th e  p r e s e n c e  of both  KC1 and  py r idoxa l  p h o s p h a t e ,  
a s  o p p o s e d  to  th e  sam e  enzym e a s s a y e d  only  in  th e  p r e s e n c e  of  p y r i ­
doxa l  p h o s p h a t e .  S p e c i f i c i ty  for th e  p o ta s s iu m  ion  i s  a p p a ren t  from 
th e  d a ta  show n  in  Table  17 and th e  fac t  th a t  d i a l y s i s  a g a i n s t  0 . 2  M 
te t ram ethy lam m onium  c h lo r ide  did not  p ro tec t  t h e  e n z y m e .  The manner 
by w h ich  the  p o t a s s iu m  ion  a c t s  i s  not k n o w n .  An e x p la n a t io n  on th e  
b a s i s  of ion ic  s t r e n g th ,  h o w e v e r ,  i s  fe l t  to  be  i n c o m p le t e .
S tu d ie s  on th e  enzy m e  t r y p to p h a n a s e  by H appo ld  and  Struyvenberg  
(1954) y ie ld e d  r e s u l t s  s im i la r  to  t h o s e  p r e s e n t e d  in  t h i s  d i s s e r t a t i o n .  
T h ese  au th o rs  sh ow ed  th a t  a p o t ry p to p h a n a se  w a s  a c t i v a t e d  by p o t a s ­
s iu m ,  ammonium, and rubidium ions  and  pyr idoxal  p h o s p h a t e ,  but 
w a s  in h ib i t e d  by sodium and  l i th ium i o n s .  Also the  d i s s o c i a t i o n  o f  
pyr idoxal  p h o s p h a te  from th e  enzym e o c cu r red  rap id ly  w h e n  t h e  d i a l y s i s  
buffer  w a s  d i s t i l l e d  w a t e r  or 0 .2 5  M sodium c h lo r id e ,  but  only s low ly  . 
w h en  d i a l y z e d  a g a i n s t  0 .2 5  M p o ta s s iu m  c h lo r id e .  R e s to ra t io n  of 
p o ta s s iu m  ion  a n d  py r idoxa l  p h o s p h a te  cou ld  l e a d  to  th e  r e a c t i v a t i o n  
of th e  enzym e  d ia ly z e d  a g a in s t  d i lu te  buffer  only  if  a d d e d  b a c k  during  
th e  f i r s t  th re e  hours  of d i a l y s i s . 2 - M e t h y ia la n i n e  d e c a r b o x y l a s e
d i s p l a y e d  s im i la r  d i a l y s i s  c h a r a c t e r i s t i c s .  R e a c t iv a t io n  of  2 - m e t h y l '  
a la n in e  d e c a rb o x y la s e  w h ich  had  b e e n  i n a c t i v a t e d  by d i a l y s i s  or by 
p a s s a g e  through a S e p h a d e x  co lum n e q u i l ib ra t e d  w ith  d i lu t e  buffer  
co u ld  not b e  a c c o m p l i s h e d  to  any  s ig n i f ic a n t  d e g r e e .  Although G re e n  
(1964) found th a t  th r e o n in e  d e h y d ro g e n a s e  cou ld  be  r e a c t i v a t e d  (the 
enzym e had  b e e n  i n a c t i v a t e d  by d i a l y s i s )  by be ing  h e ld  in  th e  p r e s e n c e  
of KC1 for long p e r io d s  of t im e  (12 to  24 h o u r s ) ,  t h i s  p ro ced u re  w a s  
not s u c c e s s f u l  for 2 - m e th y ia l a n in e  d e c a r b o x y l a s e  i n a c t i v a t e d  by 
d i a l y s i s .  The a n ta g o n is m  show n by sodium to  t h i s  s y s t e m  h a s  b e e n  
repor ted  for a number o t  o th e r  e n zym es  s t im u la te d  by the  p o ta s s iu m  
ion  (Dixon and  W e b b ,  1964) .
The chan ge  in  th e rm o s ta b i l i ty  of 2 - m e th y ia l a n in e  d e c a rb o x y la s e  
in  th e  p r e s e n c e  and a b s e n c e  of ad ded  KC1 (F ig s .  10 and  11) i s  c o n ­
s i s t e n t  w i th  the  ab i l i ty  of p o ta s s iu m  to  s t a b i l i z e  a n d / o r  r e a c t i v a t e  
d i a ly z e d  e n z y m e .  The h e a t  i n a c t iv a t i o n  prof i le  an d  h e a t  s t im u la t io n  
of 2 -m e th y la l a n in e  d e c a rb o x y la s e  in  t h e  p r e s e n c e  and  a b s e n c e  of KC1 
(Fig. 10) i s  s im ila r  to  d a ta  repor ted  by Morino and W a d a  (1963).
T h ese  w orke rs  found th a t  a g l u t a m ic - o x a l o a c e t i c  t r a n s a m in a s e  p r e ­
pa red  from b ee f  l iv e r  m itochondria  w a s  s t im u la te d  30 per c e n t  w h en  
h e a te d  to  60 C in th e  p r e s e n c e  of m a le a t e ,  © C -ke to g lu ta ra te ,  and 
p y r idoxa l  p h o s p h a t e .
The k i n e t i c s  oi  h e a t  i n a c t i v a t i o n  (Fig. 11) show a marked c h an g e  
in  th e rm o s ta b i l i ty  in  th e  p r e s e n c e  of KC1 at  th e  two t em p era tu re s
I n v e s t i g a t e d .  The fac t  t h a t  t h e s e  c u rv e s  a re  b i p h a s i c  i n d i c a t e s  th a t  
tw o  e n z y m e s , enzym e  s u b u n i t s , or m ult ip le  s i t e s  on t h e  enzy m e  w ere  
be ing  a f f e c t e d .  A s im i la r  plot  p r e s e n t e d  by S chw ar tz  and  Bonner (1963) 
w a s  u s e d  a s  p a r t i a l  proot  t h a t  a  t ryp to p h a n  s y n t h e t a s e  i s o l a t e d  from 
B ac i l lu s  s u b t i l l s  w a s  a tw o -c o m p o n e n t  e n z y m e .  The p ro p o s i t io n  th a t  
th e  enzym e 2 - m e th y ia la n in e  d e c a r b o x y la s e  i s  a  s in g l e  e n zy m e  h a s  b e e n  
s u g g e s t e d  on th e  b a s i s  of i t s  p u r i f ic a t io n  and  d e n s i ty  g rad ie n t  c e n t r i ­
fuga t ion  s t u d i e s .  M o reover ,  if two e n z y m e s  w e re  req u i re d  to  carry  out  
th e  d e c a rb o x y la t io n  and  t r a n s m in a t io n  of 2 - m e t h y i a l a n i n e , t h e  c o e n z y m e ,  
in the  amine  form, would  hav e  to  p a s s  from th e  s u r f a c e  of th e  d e c a rb o x y ­
l a s e  to  t h e  t r a n s a m in a s e  in  order  to re tu rn  to  th e  formyl form, a n d  th e n  
p a s s  back  a g a in  to  th e  d e c a r b o x y l a s e .  Such a  s h u t t l e  m echan ism  d oes  
not a p p ea r  p robab le  to  t h i s  a u th o r .  W h e th e r  th e  2 -m e th y ia l a n in e  
d e c a rb o x y la s e  enzy m e  i s  com p o sed  of su b u n i t s  or not c a n  not be 
proven w ith  the  p re s e n t  data? h o w e v e r ,  one  might a rg u e  for the  p o s s i ­
b i l i ty  th a t  two s i t e s  on the  s u r f a c e  o t  a s in g le  enzym e are  r e s p o n s i b l e  
for the  b i p h a s i c  c u r v e s .  S ince  pyr idoxal  p h o sp h a te  w a s  found to  be 
bound so  lo o s e ly  to  th e  enzym e and w a s  a p p a ren t ly  a id e d  to  som e d e g ree  
by th e  p o t a s s iu m  ion  in  m ain ta in ing  i t s  fun c t ion a l  o r i e n ta t io n  on  the  s u r ­
fac e  of th e  e n z y m e ,  it  might b e  r e a s o n e d  th a t  th e  lo o se  a t t a c h m e n t  of 
pyr idoxal  p h o s p h a te  w a s  d e s ig n e d  to  permit  th e  c o en z y m e  e i th e r  to  
l e a v e  one  s i t e  and  p a s s  to  a n  a d j a c e n t  one  or to  f l ip - f lo p  through 180 
d e g re e s  to  an o th e r  s i t e .  S p e c u la t i o n  such  a s  t h i s  i s  made c re d ib le  by 
th e  com plex  na tu re  ot  t h e  r e a c t io n  c a t a l y z e d  by th i s  e n z y m e .
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2 - M e t h y ia l a n i n e  d e c a r b o x y l a s e  i s  not  s p e c i f i c  w ith  r e s p e c t  to  
t h e  m e t h y l - s u b s t i t u t e d  amino a c i d s  w h ich  c a n  s e r v e  a s  s u b s t r a t e s .
2 - M e t h y ia la n i n e  a nd  i s o v a l i n e ,  amino  a c i d s  w h ich  p o s s e s s  a  h y d ro ­
c a rb o n  s id e  c h a i n ,  a re  th e  b e s t  s u b s t r a t e s ,  w h i le  m ethyl  amino a c i d s  
ca r ry in g  a t h i o - e t h e r  or  hydroxym ethyl  s i d e  c h a in  do  not s e r v e  a s  w e l l .  
The c h a r a c t e r i s t i c  of th e  enzym e  to  a c c e p t  amino a c i d s  w i th  a  h y d ro ­
c a rb o n  s id e  c h a in  i s  r e f l e c t e d  in  t h e  k e to  a c i d s  u s e d  a s  c o - s u b s t r a t e s .
It w a s  o b s e r v e d  th a t  p y ru v a te ,  o C -k e to b u ty ra te ,  and  eC -k e to v a le ra te  
w o u ld  a c c e p t  a n  amino group  in th e  t r a n s a m in a t io n  h a l f  o f  th e  r e a c t i o n ,  
w h i l e  o x a l o a c e t a t e  and c C -k e to g lu ta ra te  w ou ld  n o t .  The a b i l i ty  of 
w h o le  c e l l s  to  o x id iz e  both  i s o m e rs  of i s o v a l i n e  i s  a l s o  s ig n i f i c a n t  in  
t h i s  r e g a rd .  A pparen t ly  e i th e r  a methyl  or a n  e th y l  group  c a n  fi t  th e  
conf i rm at ion  ot  th e  e n z y m e .
The s e d im e n ta t io n  c o n s t a n t  of 2 - m e th y ia l a n in e  d e c a r b o x y l a s e  w a s  
found to  be  8 .5  Svedberg  u n i t s  by employing  d e n s i ty  g ra d ie n t  c e n t r i f u g a ­
t io n  in a 5 to  20 per  c e n t  s u c r o s e  l i n e a r  g r a d i e n t .  Us ing  th e  method of 
M ar t in  and  Ames (1961) th e  m olecular  w eigh t  w a s  c a l c u l a t e d  to  be  
1 4 2 ,0 0 0 .  The p o s s ib i l i t y  tha t  th i s  molecular w eigh t  may be in  error 
1 0 ,0 0 0  to  2 0 ,0 0 0  d u e  to  th e  a s s u m p t io n s  u s e d  in  th e  c a l c u l a t i o n  must  
be  kep t  in mind.  An a d d i t io n a l  method of g a in in g  in fo rm at ion  on th e  
m o lecu la r  w e ig h t  o t  th e  enzym e  would  be  by a n a l y s i s  on a  S e p h a d e x  
co lum n c a l ib r a t e d  a cc o rd in g  to t h e  m ethods  ot  W h i ta k e r  (1963) or  
Andrews (1964).
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Fur the r  p u r i f i c a t i o n  of  t h e  e n zy m e  might  b e  p o s s i b l e  by talcing 
a d v a n t a g e  of  t h e  s i z e  of t h e  p ro tean .  E i the r  t h e  u s e  of  S e p h a d e x  G - 2 0 0 ,  
or a  s im i l a r  m o le cu la r  s i e v e , in  c o lu m n  chrom atog raphy  or t h e  u s e  of 
p r e p a r a t iv e  d e n s i t y  g ra d i e n t  c e n t r i f u g a t i o n  might  pe rm it  a d d i t i o n a l  p u r i ­
f i c a t i o n  to  b e  a c h i e v e d .  C h ro m a to g rap h y  on  c e l l u l y t l c  io n  e x c h a n g e  
r e s i n s  might a l s o  b e  of v a l u e .
P re l im inary  e x p e r im e n t s  h a v e  i n d i c a t e d  t h a t  a  more rap id  a s s a y  
of 2 - m e t h y la l a n i n e  d e c a r b o x y l a s e  may b e  p o s s i b l e .  The e n z y m e  a c t iv i t y  
w o u ld  be  a s s a y e d  s p e c t r o p h o t o m e t r i c a l l y . The a s s a y  w o u ld  c o n s i s t  of 
co u p l in g  th e  d e c a r b o x y l a t i o n  a n d  t r a n s a m in a t io n  of 2 - m e t h y l a l a n i n e  
w i th  t h e  fo rm at ion  of a m in o b u ty ra te  from « C - k e to b u ty ra te . The a m in o -  
b u ty r a t e  c o u ld  t h e n  b e  m e a s u re d  by L -am ino  a c i d  o x i d a s e  ( a s su m in g  a l l  
of t h e  a m in o b u ty ra te  w o u ld  be  of  t h e  L - c o n f i g u r a t i o n ) . The o x id a t io n  
of a m in o b u ty ra te  c o u ld  b e  fo l lo w ed  s p e c t r a l l y  a t  600 mp by th e  r e d u c t io n  
of 2 , 6 -d ich lo ro p h en o l in d o p h en o . l  (Norton ,  Bulmer,  and  S o k a t c h ,  1963).
Such  a n  a s s a y  w o u ld  be of  v a lu e  s i n c e  it w ou ld  permit  r a te  s t u d i e s  to  
be  perform ed (the m aro m e t r i c  a s s a y  be;ng d e p e n d e n t  upon  t h e  a d d i t io n  
of TCA to  th e  r e a c t i o n  mixture  to  l i b e r a t e  c a r b o n  d iox ide )  and  s i n c e  i t  
w o u ld  b e  a n  e a s y  a s s a y  for monitor ing th e  e f f lu e n t  from c h ro m a to g ra p h ic  
c o lu m n s .  A ra p id  s p e c t r o p h o to m e t r ic  a s s a y  w o u ld  a l s o  b e  of v a lu e  in  
perform ing  k i n e t i c  s t u d i e s .
T h is  d i s s e r t a t i o n  h a s  r ep o r te d  o n  th e  d e m o n s t r a t i o n  of a n  enzy m e  
c a p a b l e  of c a t a b o l i z i n g  th e  m e t h y l - s u b s t i t u t e d  am ino  a c i d  2 - m e t h y l a l a n i n e .
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More s ig n i f ic a n t  i s  th e  r e a c t i o n  t h i s  enzym e  i s  c o n s i d e r e d  to  c a t a l y z e .
The d e c a rb o x y la t io n  dep en d e n t  t r a n s a m in a t io n  of 2 -m e th y la l a n in e  i s ,
a s  fa r  a s  th e  au tho r  i s  a w a r e ,  a  un ique  b io c h e m ic a l  r e a c t i o n .  It  i s
«
important  to  no te  th a t  t h i s  e n zy m at ic  r e a c t i o n  a p p e a r s  to  fol low a  n o n -  
e n zy m a t ic  model s y s t e m .  The s y s t e m a t i c  name 2 - m e th y la l a n in e :  py ru v a te  
c a r b o x y - l y a s e  ( t r a n s a m in a t ln g ) , 4 . 1 .  1 . - ,  may b e  a s s i g n e d  to  t h i s  enzym e 
on  th e  b a s i s  of t h e  r u l e s  of enzym e  c l a s s i f i c a t i o n  e s t a b l i s h e d  by the  
In te rn a t io n a l  Union  of B iochem is try  (Dixon and W e b b ,  1964).
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